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PREFACE 

FIFTH AMERICAN EDITION. 



The student of the present edition will discover that it differs very 
materially from all preceding editions. This is largely due to the fact 
that the editor has endeavored to give due consideration to the more 
recent, well-established discoveries in chemical science ; hence additions 
will be found relating to the general properties and the measurement of 
gases, to the atmosphere and the interesting constiiucnts lately observed 
in it, to the theory of dilute solutions and electrolytic dis.so(:iation, to the 
electrolysis of salts, to alloys, etc. Thus revised, it is hoped that the 
book will continue to occupy the position it has so long held among 
(vorks devoted to the inorganic portion of chemical science. 

The translator would take this opportunity to acknowledge his great 
indebtedness and to return his sincere thanks to Mr. Walter 1'. Taggart, 
upon whom devolved the task of arranging the crude manuscript for the 
press and the revision of the proof-sheets. 



Tkt Jtfut Harrisim 

V tf Cktmiitry. 
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The success of Prof, von Richtf-b's work abroad would indicate its 
possession of more than ordinary merit. This we believe true, inasmuch 
as, in presenting his subject to the student, the author has made it a 
point to bring out prominently the relations existing between iact and 
theory. These, as well known, are, in most text-books upon inorganic 
chemistry, considered apart, as if having little in common. I'he results 
attained by the latter method are generally unsatisfactory. 'I'he tirst 
course — that adopted by our aulhor^to most minds would be the more 
rational. To have experiments accurately described and carefully per- 
formed, with a view of drawing conclusions from the same and proving 
the intimate connection between their results and the theories based upon 
them, is obviously preferable to their separate study, esjiecially when they 
are treated in widely removed sections or chapters of the same book. 
Judging from the great demand for von Richter's work, occasioning the 
rapid appearance of three editions, the common verdict would seem to 
be unanimously in iavor of its inductive methods. 

In the third edition, of which the present is a translation, the Periodic 
System of the Elements, as announced by Mendei-cjeff and Lothar 
Mever, is somewhat different, in the manner of development and pre- 
sentation, from that appearing in the previous editions. I'his was done 
to give more prominence to and make more general the interesting rela- 
tions disclosed by it. Persons examining this system carefully will be 
surprised to discover what a valuable aid it really has been, and is yet, in 
chemical studies. Through it we are continually arriving at new rela- 
tions and facts, so that we cannot well hesitate any longer in adopting it 
into works of this character. It is, indeed, made the basis of th- 
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present volume. In accordance with it, some change in the treatment 
of the metals, ordinarily arbitrarily considered, has been made. 

A new feature of the work, and one essentially enlarging it, is the 
introduction of the thermo-chemical phenomena, briefly presented in the 
individual groups of the elements and in separate chapters, together with 
the chemical affinity relations and the law of periodicity. "Hereby 
more importance is attributed to the principle of the greatest heat 
development than at present appears to belong to it, because it was 
desired, from didactic considerations, by the explanation of the few 
anomalies, to afford the student the incentive and opportunity of deduc- 
tively obtaining the majority of facts from the thermal numbers, on the 
basis of a simple principle. To facilitate matters, there is appended to 
the volume a table containing the heat of formation of the most im- 
portant compounds of the metals. ' ' 

Trusting that the teachings of this work will receive a hearty welcome 
in this country, and that they will meet a want felt and often expressed 
by students and teachers, we submit the following translation of the 
same. 
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INTRODUCTION. 

The tutnnl scKnccs are occu; irJ wiih tht iiuTsi-^ativ^a i>f ihe inna- 
merable sahsMrces and changes by which *'? are s-.inv>unttv\l. I%\fj«'$ 
andcbembiTT difler in a scdsc I'rvMn the other M-icniVs, in thai thcti d^Muam 
of research is not restricied to any *tnr definite )>r\'viK-.-e of naiuTV; 
indeed, it is not confined toany oncpUnel. This is due to the iaot ihAt 
all changes, so far as ihey are )ierce)<iit>lr to out ^nsrs. are referalile to 
chemical and physical causes. The l<est and ni.vi ■uii>u<,'Iotv inUHina- 
tion relative to the pro]»eriie5 and coiujxisition of a sule-uiu-e, no ntatier 
what itssourcc. is afforded hy i>h)-sics and chemislrv, tor these trA*on*, 
therefore, these two sciences — chemistry and ph>-si<.-s — are rejiarxlevl W ihe 
general natural sciences in contradistinction to the other moir ^Vi'W 
sciences. 

Physics deals with the doctrine of etiuilihrimu and with thai of 
motions. The latter are risible, as those of maiu — in fall, projrt-iion, 
rotation, propagation in a plane, etc. ; or they arc invisilile, and are only 
perceptible by their results — sound, heal, liuhl, cleclricity, I'hcnuMrv, 
on the other hand, reveals to us the cnmixisilion of mailer, and. in the 
formation of new com[>ounds, acquaints lis with the rules and lawn bv 
which its various forms act u|>on each other. The domain of i-heiuiiiiry 
and physics consequently extends throughout all the n.itiirnl kin(<iloiii<, 
and each of the special natural sciences, tvvn astrononty. nvaih ilwlf 
of the aid given by physics and chemistry to attain its own |iarli<-iiliir 
goal. However, these two sciences are mntuatly <te|>«-n(lt<nt n|Kin one 
another for, so far as we know, there cannot l>c motion without mnltcri 
nor matter without motion. 

The inflnence eieiled by chcmisliy uii) phynici n|>on rlvitlaitlim ««tP*|iiinil« lii 
their eiHlled position in (he ({Toup of lulurel iicienccs. Ily mmti* iif Ilir>r iliirr 
icienceit [he producU ktkI Forces of nature linve been mi>Tr niiii|>lrtrly ulllicnl llimi 
eier before, hence there «rc but few fielil« <>t bunun x-tiviiy wlik'h lii llic nnnti «( i,Im 
prewnl C«iltiii7 hiTc not been enriched by th« >ccuinu,\M.UAV <,A •;\wixiV*!k «.v,^ ^l^^sii^ 
"' '""" If tht eanqjesis of chemica\ unA \iVtyste«,\ \wtciA\g,».vVi'cv lA wte'^'f'."*^ 
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1 8 INORGANIC CHEMISTRY. 

five years were suddenly to disappear an almost unbearable retrogression would be felt in 
commerce, manufacture, the various industries and in agriculture, and every individual 
would find himself having recourse to innumerable advantages and facilities of which at 
present he is scarcely conscious. 

The following figures give some idea of the importance of German chemical industries. 
In 1895, 114,581 operators were engaged in 5974 factories devoted to chemical manu- 
facture ; these represented in round numbers 100,000,000 M. or $25,000,000 in wages, 
etc. The exports of chemical products for the same year were valued at 290,000,000 M. 
or $72,500,000. 

Compare : Wickelhaus, Wirthschaftliche Bedeutung chemischer Arbeit, Berlin, 1893 ; 
Ferd. Fischer, Das Studium der technischen Chemie, Braunschweig, 1897. 

A closer scrutiny of natural objects discloses the fact that they in 
time succumb to many more or less serious alterations or changes. 
Although no abrupt boundaries are presented in nature, but gradual 
transitions and intermediate steps throughout, two tolerably distinct 
classes of phenomena may be observed. Some changes in the condition of 
bodies are only superficial (external), and are not accompanied by material 
alteration in substance. Thus heat converts water into steam, which upon 
subsequent cooling is again condensed to water, and at lower temperatures 
becomes ice. In these three conditions, the solid, liquid, and gaseous, 
the substance or the matter of water or ice is unchanged ; only the sepa- 
ration and the motion of the smallest particles — their states of aggregation 
— are different. If we rub a glass rod with a piece of cloth, the glass 
acquires the property of attracting light objects, e, ^., particles of paper. 
It becomes electrified. An iron rod allowed to remain suspended verti- 
cally for some time slowly acquires the power of attracting small pieces of 
iron. Through the earth's magnetism it has become magnetic. In both 
instances the glass and iron receive new properties; in all other respects, 
in their external and internal form or condition, they have suffered no 
perceptible alteration; the glass is glass, and the iron remains iron. All 
such changes in the condition of bodies, unaccompanied by any real alter- 
ation in substance, are known 9& physical phenomena. 

Let us now turn our attention. to the consideration of another class of 
phenomena. It is well known that ordinary iron undergoes a change, which 
we term rusting^ i, ^., it is transformed into a brown substance which is en- 
tirely different from iron. On mixing finely divided copper filings wiih 
flowers of sulphur (pulverulent sulphur) there results an apparently uniform, 
grayish-green powder. If this be examined, however, under a magni- 
fying glass, we can very plainly distinguish the red metallic copper par- 
ticles in it from the yellow of the sulphur; by treating with water, the 
specifically lighter sulphur particles can easily be separated from those of 
the copper. Carbon bisulphide will dissolve out the sulphur particles. 
Hence this powder represents nothing more X\\ax\ 2i mechanical mixture. 
If, however, this mixture be heated, e. g.<, in a glass test-tube, it will com- 
mence to glow, and on cooling, a black, fused mass remains, which differs 
in all respects from copper and sulphur, and even under the strongest 
microscope does not reveal the slightest trace of the latter, and elutri- 
ation with water or treating with carbon bisulphide will not affect a sepa- 
"^the ingredients. By the mutual action of sulphur and copper in 
f heat, a new body with entirely different properties has been 
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produced, and is named copper sulphide. Mixtures of sulphur with iron 
or with other metals act in a similar manner; the resulting bodies are * 
known as sulphides. 

Such mutual action of different bodies occurs not only under the influ- 
ence of heat, but frequently at ordinary temperatures. If, e.g., mercury 
and sulphur are rubbed together in a mortar, there is produ<.:ed a uniform, 
black compound, calledmercurysulphide. Theaction of gaseous chlorine 
upon various metals is quite energetic. When finely divided antimony is 
shaken into a flask filled with yellow chlorine gas, flame is produced; 
each antimony particle burns in the chlorine with a bright white light. 
The product of this action of solid metallic antimony and gaseous yellow 
chlorine is a colorless, oily liquid, known as antimony chloride. Such 
occurrences, therefore, in which a complete and entire alteration takes 
place in the bodies entering the reaction, are termed chemical phenomena. 

In the previously described experiments we observed the phenomena 
of chemical combination; from two different bodies arose new homo- 
geneous ones. The opposite may occur : the tiecomposition of com- - 
pound bodies into two or more dissimilar ones. If red mercuric 
oxide be heated in a test-ttibe, it will diup]>ear; a gas (oxygen) is 
liberated, which will inflame a mere spark on wood ; in addition, we find 
deposited upon the upper, cooler portions of the tube, globules of 
mercury. From this we observe that on heating solid red mercuric oxide 
two different bodies arise: gaseous oxygen and liquid mercury. We 
conclude, then, that mercuric oxide holds in itself, or consists of, two 
constituents — oxygen and mercury. This conclusion, arrived at by 
decomposition, or anafysis, may be readily verified by combination or 
synthesis. It is only necessary to heat mercury for some time, at a some- 
what lower temperature than in the preceding experiment, in an atmos- 
phere of oxygen, to have it absorb the latter and yield the comjMJund we 
first used — red mercuric oxide. The direct decomposition of a compound 
body into its constituents by mere heat does not often happen. Generally, 
the cooperation of a second substance is required, which will combine 
with one of the constituents and set the other free. In this manner we 
can, for example, effect the decomposition of the previously synthesized 
mercury sulphide, viz., by heating it with iron filings; the iron unites 
with the sulphur of the mercury sulphide, to form iron sulphide, while the 
mercury is set free. 

If, in a similar manner, natural objects be decomposed, bodies or sub- 
stances are finally reached which have withstood all attempts to bring 
about theirdivision intofurtherconstituents, and which cannot be formed 
by the union of others. Such substances are chemical elements; they 
cannot be converted into one another, but constitute, as it were, the limit 
of chemical change. Their number, at present, is about 70 ; some have 
been only recently discovered. To them belong all the metals, of which 
iron, copper, lead, silver, and gold are examples. Other elements do not 
possess a metallic appearance, and are known as metalhi'fs (from t'iiu, I 
resemble). It would be more correct to term them non-metals. To these 
belong sulphur, carbon, phosphorus, oxygen, etc. The line bet-wtftsv 
metals and non-metals is not very inaik.ed. T\ims, Tt«.tow>j,6.esi^\'vft'&* 
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fact that it is liquid at the ordinary temperature, must be included among 

* the metals because of its chemical properties. 

All the substances known to us are made up of these elements. Water 
is a compound of two gaseous elements — hydrogen and oxygen ; common 
salt consists of the metal sodium and the gas chlorine. The elements 
make up not only our own earth, but the heavenly bodies are composed 

of them ; at least as far as has been proved by spectrum analysis. 

» 

THE PRINCIPLE OP THE INDESTRUCTIBILITY OP MATTER. 

If the total weight of substances, which are to act chemically upon one 
another, be determined, and the chemical action be then allowed to 
occur, it will be discovered upon ascertaining the weight of the resulting 
bodies, if due consideration be given for unavoidable errors of experi- 
ment, that no loss or increase in weight has occurred — no change in 
mass, because mass and weight are strictly proportional to each other for 

• one and the same place. It is in the^ cases immaterial whether a com- 
pound body be resolved into its elements, or whether elements unite to 
produce compound bodies; the products present after the chemical 
reaction will always weigh exactly what the bodies preceding the reaction 
weighed (compare the experiments of Landolt, Ber. 26 (1893), 1820). 
Well-known, general phenomena apparently contradict this scientific 
conclusion. We observe plants springing from a small germ and con- 
stantly acquiring weight and volume. This spontaneous increase of sub- 
stance, however, is only seeming. Closer inspection proves conclusively 
that the growth of plants occurs only in consequence of the absorption 
of substance from the earth and atmosphere. The opposite phenomenon 
is seen in the burning of combustible substances, where an apparent 
annihilation of matter takes place. But even in this, careful observation 
will discover that the combustion phenomena consist purely in a trans- 
formation of visible solid or liquid bodies into non-visible gases. Carbon 
and hydrogen, the usual constituents of combustible substances, e, g.^ 
petroleum or wood, combine in their combustion with the oxygen of 
the air and yield gaseous products — the so-called carbon dioxide and 
water — which diffuse into the atmosphere. If these products be col- 
lected, their weight will be found not less, but indeed greater, than that 
of the consumed body, and this is explained by the fact that in addition 
to the original weight they have had the oxygen of the air added. Such 
a combustion must, therefore, be regarded as a conversion of visible 
solid or liquid substances into invisible gaseous matter. 

The production (creation) or annihilation of matter has never been 
demonstrated as occurring in any change. A compound body is com- 
posed of certain elements, and contains a verydefinite quantity by weight 
of each of them. If it decompose it naturally breaks down into its con- 
stituents, which perhaps reunite in some other manner to form new com- 
nounds, always, however, preserving their original nature, their original 
<jrht and their masses. This fundamental truth is fhe law of the inde- 
^ matter. The early Grecian philosophers arrived at this 
\ keen observation of the changes of daily life (compare 
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Lucretius — "Nature'*), and since that time it has always been viewed 
as an established fundamental principle of exact, scientific investigation. 
Consult Debus, Ueber einige Fundauiental-Satze der Chemie, Kassel, 1894. 

THE PRINCIPLE OP THE CONSERVATION OF ENERGY. 

All imaginable, appreciable, natural phenomena have their causes, which 
escape simple observation, and are only realized by scientific research. 
We observe that iron rusts on exposure to the air. By chemical investi- 
gation we learn that rust is a compound of iron and oxygen. This latter, 
as we also learn from chemistry, is a constituent of the air. If it be re- 
moved from the latter, the iron will cease to rust. Hence the tendency 
of iron and oxygen to combine with one another is designated as the cause 
of the rusting. It is generally said that a force exists between them, 
which effects their union and this force is called chemical affinity. In 
changes of other kinds our explanation assumes the presence of some 
force. The falling of bodies is attributed to the force of gravitation — 
a universal attracting force, which even influences the course of the stars* 
The decomposition of a body by external efforts acts in opposition to its 
cohesive force. Two different bodies directly in contact with one another 
are held together by the adhesive force existing between them. By assump- 
tions similar to these it is possible to refer an almost infinite number of 
changes to but comparatively few causes. But, in doing this, it must be 
remembered that the nature of the force continues enigmatical, even if 
we know the laws, by which it acts, as well as we know those of gravity. 

At present the movements of the parts of matter are considered to be 
the cause of other phenomena which formerly were ascribed to the actions 
of special forces. It has long been known that a sounding body com- 
pletes certain vibrations, which are imparted to the surrounding air and 
arrive thereby to the tympana of our ears. The same is true of the phe- 
nomena of light and heat. It is supposed that the heat phenomena are 
due to an energetic oscillating motion of the smallest particles of a body. 
U[>on grasping a warm substance, motion present in it is partially trans- 
ferred to us and we experience warmth. If, on the contrary, heat motion 
be passed from the hand to the object touched, the latter appears to us to be 
cold. At sufficiently elevated temperatures, and indeed even under other 
conditions (phosphorescence, fluorescence) the heat motions of bodies 
produce in the surrounding aether (a hypothetical medium, enigmatical 
in its nature and capable of penetrating everything) motion extending 
in all directions in a wave-like manner and known as radiant heat. If 
these waves follow each other rapidly enough they become light waves 
and are perceived as such by the retina of the eye. The source of electric 
phenomena and of the x or ROntgen rays is also supposed to be due to 
motion, of an unexplained nature, present in the aether. H. Hertz in 
1888 demonstrated by the radiation of a periodic electric force reversing 
its direction that these rays were subject to the same laws as those of light 
and radiant heat. They are not only propagated in direct lines with all 
the velocity of light but arc similarly reflected and refracted. Conse- 
quently, in the periodic change of direction we dtvd iK^ ^axcv<& \sw^>cw^ 
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alterations of the aether to be at the basis of light and radiant heat, as 
they are the cause of electric phenomena. 

Numerous physical investigations have demonstrated that the various 
forms of motion can be transferred not only from one body to another 
but that they can be converted into one another. The bullet which in its 
flight is sustained by resistance becomes hot ; the visible motion of the 
entire mass ceases and is then converted into the invisible motion of the 
minutest particles perceptible to us as heat. Conversely, the motion of 
the smallest particles is changed to that of large masses, if by means 
of the steam engine we produce driving force by heat, and the latter by 
combustion, a chemical change. 

It will be discovered upon attempting to measure these changes that 
the different forces or modes of motion bear a fixed ratio of trans- 
formation to one another. According to the proposition, causa aquat 
effectum, they are subject to equivalent convertibility. At present the 
indestructible portion of all these changes is termed energy^ which mani- 
fests itself as (i) mechanical energy ^ (2) thermal energy^ (3) electric and 
magnetic energy ^ (4) chemical dxA internal energy and (5) radiant energy. 

The power of a body to do work is called energy. It is distinguished as potential and 
kinetic. Examples are as follows : The mass m, acted upon by the constant force p^ 
traverses the distance s and acquires the speed v. This would be represented by the 

equation ps = '^ v^. As the force/ has acted through the distance j, it has performed 

the work ps. If a hammer, weighing /, be raised to the height j, the work done, 
opposed to gravity, equals /j. This work is present as potential energy in the raised 
hammer, so far as the presence of a force and its removal through space can possibly make 
a mechanical action present If the hammer be allowed to fall it acquires kinetic energy 

-^v* (active force), which is equal to the work expended in raising the hammer, or the 

potential energy of the raised hammer. In the fall the potential is transformed into 
kinetic energy {luviu — to move ; hepryitj — to act). 

A given mass- motion can be converted into a definite heat-quantity. 
By the application of the latter, work can be performed again equivalent 
to the mass-motion (first principle of the mechanical theory of heat). 
The quantity of heat sufficient to raise i kilogram of water at the ordinary 
temperature i*^ C. is taken as the unit in the determination of heat and 
is called calorie (large). To produce this unit by mass-motion would 
require mechanical work (at the average geographical latitude) equal to 
426 kilogram-meters. This quantity signifies that if under the condi- 
tions mentioned as to place i kilogram falls through 426 meters, or 426 
kilograms through i meter, and the resulting total kinetic energy be 
transformed into heat, the latter will raise i kilogram of water from 15° 
to 16® in temperature. In the conversion of heat into mass-motion, 
however, one calorie will disapp>ear for'every 426 kilogram-meters of 
work performed. This magnitude (or constant) is known as the me- 
chanical equivalent of heat. 

Chemical energy can be measured by the heat or electricity developed in chemical 
hanees. While all forms of energy can be converted without difficulty into heat, this 

only altered with limitations into the other forms. It is only when 
urmer to a colder substance that a definite portion of it can by proper 
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appliances be changed into mechanical work. Could this so occur that the greatest possible 
portion of the heat could be utilized in the performance of mechanical work, then the 
process might be reversed. If, however, the greatest possible quantity of heat is not con- 
sumed in doing such work but is lost by conduction and radiation from a higher to lower 
temperature, then the change is not reversible. For a portion, at least, of the heat there 
is no possibility of change to mechanical work ; it is permanently lost (degradation of 
energy). The reversibility is made impossible by such changes (conduction, radiation, fric- 
tion, etc.), which take place under given conditions, of their own accord. As the op- 
posite conversions do not occur spontaneously (the passage of heat from a body of 
lower to one of higher temperature), in nature the changes of the first order must exceed 
those di the second order. The sum of all the conversion -values (calculated as proceeding 
positively in the sense of the first group) is termed entropy {rpon^ — conversion). The 
entropy of all nature is therefore in the act of constant increase (Clausius, Second Principle 
of the Mechanical Theory of Heat). 

The law of the conservation of energy, according to which the energy 
in nature is of a convertible character but unalterable in quantity, con- 
stitutes one of the most, important foundations of the science of nature. 

It was first clearly explained and definitely enunciated by Julius Robert Mayer (1842), 
a physician of Heilbronn f Annalen, 4a, 233 ; see also his '* Mechanik der Wftrme gesam- 
melte Schriften*'). Not knowing of Mayer's work, or of the treatise of Colding (1843), 
a Dane, in which the principle of energy was also developed, Hermann v. Helmholtx 
(1847) announced the law as empirical, followed and developed it mathematically 
through all the domains of natural phenomena (Ueber die Erhaltung der Kraft, Berlin, 
1847). Mayer was also the first to discover the mechanical equivalent of heat, which 
shortly afterwards James Prescott Joule definitely determined by accurate experiments. 

Heat almost invariably appears in chemical union ; even light and 
electricity can be produced by chemical processes, or work can be per- 
formed in opposition to external pressure by increase in volume. All 
these forms of energy owe their origin to the potential energy of the 
chemical forces, which in the process of chemical change do work. 
Hence, we may speak of chemical energy or of chemical tension. In the 
chemical decomposition of a compound body into its components, on the 
other hand, heat is usually absorbed and disappears as such and becomes 
chemical energy. Thus, in the union of approximately i kilogram of 
hydrogen with 8 kilograms of oxygen to produce 9 kilograms of water 
a quantity of heat, equivalent to 34,200 calories, is set free, and this 
corresponds to work equivalent to 34,200 X 426 = 14,569,200 kilogram- 
meters. In the decomposition, on the other hand, of 9 kilograms of water 
into hydrogen and oxygen, the same force or quantity of heat is neces- 
sary. Therefore, the same quantity of force or motion must be contained 
in the form of chemical energy in the liberated hydrogen and oxygen. 

Although all bodies, and the elements especially, possess chemical 
energy, they do not manifest it in the same way. Some of them react 
readily with one another and others with difficulty or not at all. The 
cause of this variation in behavior is entirely unknown to us. It is cus- 
tomary to express the fact by saying the bodies have a strong, a feeble, or 
no affinity for one another. Formerly, bodies which combined chem- 
ically, were supposed to be related to each other, and it was assumed that 
their affinity — their tendency toward one another — was satisfied by their 
union. This choice of terms was unfortunate. The nature of the chemical 
attraction, which produces and holds chemical commands t.o^<tvViR.\ vs* y^sx 
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as enigmatical as that of gravity. Even the laws in accordance with 
which affinity acts are scarcely known to us. It is only in recent times 
that advances have been made in this direction, since the positions and 
the motions of atoms and of molecules have been regarded as affording 
hints as to the cause of a reaction. 



CONSTITUTION OF MATTER. 
ATOM AND MOLECULE. 

If we seek to give expression to the constitution of the chemical ele- 
ments and the bodies composed of them we return, if guided by experience, 
to the ancient atomic hypothesis which alone is justified by the present 
condition of chemical and physical investigation. It appears that the 
Indian and Grecian natural philosophers established this same hypothesis 
in a purely inductive manner [Kanada (founder of the Vaiseshika system), 
Lucippus, Democritus (500 b. c.) and Epicurus (400 b. c.)]. 

The foundation of this hypothesis is brilliantly set forth in the first book of Lucre- 
tius (died 55 B.C.) "Ueber die Natur der Dinge." Numerous observations are re- 
corded. The following occurs there in substance : All bodies can be divided into in- 
finitely small parts, no longer recognizable by sight or taste. Invisible aqueous vapor 
separates from the air as water upon cold objects and again disappears on the approach of 
heat The ring that is constantly worn on the finger becomes thinner in the course of 
years. Dropping water wears away the stone. The smooth pavement is made rough by 
walking. All these things occur without our perceiving what at any one time departs 
from the ring, etc. Hence we conclude the bodies are composed of invisible, extremely 
small ports, which to us are without mass. These particles, the atoms {irofiog — indivisible), 
are indestructible and cannot be created. There is nothing beyond them and the vacant 
space between. The difference in things is due to the difference in number, size, form, 
and arrangement of the atoms. There is no qualitative difference in the atoms, they act 
upon one another only by contact and pressure. Change is only a union and separation 
of atoms ; nothing occurs by chance but everything by reason and with necessity. Thus 
far Lucretius. 

In the first half of the 17th century the atomic idea, which until then had been 
driven into the background by the Aristotelian philasophy, was resuscitated by Daniel 
Sennert, a German physician, and a French ecclesiastic named Pierre Gassendi. They 
adopted the Greek atomic doctrine ; and, from the point of view of the atomists, constitute 
the connecting link between the i>ast and the present. Since, however, our modern 
atomic notions have developed step by step from the ideas of Sennert and Gassendi, their 
beginnings go back to and have their origin in Lucippus and Democritus. Atoms were 
introduced into chemistry by Robert Boyle, a contemporary and follower of Gassendi. 
Boyle was the first chemist to devote his experiments to the noble purpose of investi- 
gating nature. (Compare F. A. Lange, Geschichte des Materialismus, 3 Aufl. 1876 ; 
Griesbach physik.-chem. Prop&deutik (1895), and the fasciculus of Debus referred to 
on page 21.) 

The scientific foundations of our present atomic doctrine will be 
described later. Its fundamental ideas alone will be given now. We 
assume that an element consists of atoms perfectly similar to one another, 
but differing from those of other elements. We must grant that there are 
as many kinds of atoms as there are different elements. A compound body 
like iron sulphide, according to this view, is produced by the combination 
of sulphur atoms with iron atoms in a definite ratio. Those particles of 
a compound, representing the limit of divisibility so far as similarity 
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goes, are c&lled molecules (iwleeula, diminutive of m<r/M— the mass), by 
further division they are resolved into dissimilar parts. Hence, iron 
sulphide is made up of molecules, which in turn consist of atoms of iron 
and of sulphur. We sh&U learn later that the elements — with few excep- 
tions — are composed, at ordinary temperature, not of a clleclion of free 
atoms, but of an aggregation of atom -groups — of molecules. A molecular 
structure is the rule. In the case of the elements the molecules are com- 
posed of like kinds of atoms, in compounds they consist of dissimilar 
atoms. 

The greatest advancement of the atomic theory is due to John Dalton. 
By assuming that the atoms combined with one another in definite pro- 
portions, he laid the basis for the determination of the relative aiomie 
weights, and thereby became the founder of the chemical atomic theory 
based upon definite weight proportions (1804). If two elements furm 
but a single compound by union with one another, it may be assumed 
with Dalton, as long as no other reason to the contrary exists, that their 
molecules consist of an atom of each of the two elements. Should two 
compounds of the elements A and B be known, then the molecule of the 
one compound would consist of an atom each of A and of B, consequently 
of two atoms, while 4he other compound might be composed of three 
atoms (a A + B or a B + A), etc. With these premises clearly enunci- 
ated it is possible to determine the relative atomic weights of the elements. 

One hundred parts of the previously mentioned iron sulphide consist 
in round numbers of 63.6 parts of iron and 36.4 parts of sulphur. If, 
however, in accordance with the assumptions of Dalton, there is in this 
compound one atom of sulphur for one atom of iron, then the atomic 
weights of iron and sulphur must be to one another as 63.6 : 36.4. The 
ratios between the atomic weights of the elements may be determined in 
this manner. If for any element a number be taken for its atomic 
weight, it can readily be calculated in what ratio the atomic weights of 
all the other elements stand to this arbitrarily chosen standard, and we 
thus obtain the relative atomic weights. That element which combines 
with the majority of the other elements to form compounds capable of 
the most accurate analysis, is chosen as the standard of comparison. 
Finally, the number or value assigned this standard clement as its atomic 
weight is a matter of consensus of opinion. 

Later we shall become acquainted with physico-chemical methods of 
testing the atomic numbers, derived in a chemical way, and especially for 
establishing whether it is not a fraction or a multiple of the true, relative 
atomic weight, 

CHIHtCAL SYMBOLS AND FORMULAS. 

The chemical elements are simply and conveniently represented by the 
initials of their Latin or Greek names in accordance with the suggestion 
of the great Swedish chemist, John Jacob Berzclius (1779-1848) to 
whom we are also indebted for the first accurate atomic weight determina- 
tions. Thus hydrogen is designated by the letter H, from the word 
hydrogenium ; nitrogen by N, from nitrogenium. Elements having the 
same initials are distinguished by adding a sccotvd levvw ■, vVi-o&i^Vv^^iv 
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cates natrium (sodium), Ni — nickel, Hg — mercury (from hydrargyrum), 
Pd — palladium, Pt — platinum, etc. 

The following table contains the names of 71 known chemical ele- 
ments, together with their symbols and their atomic weights, referred to 
oxygen equal to 16. 

It may be added : 

That as a rule the atomic weights are given with only as many decimals as are accu- 
rate to the last figure. In the case of bismuth, nickel and tin, indicated by *f this rule 
is not adhered to. Also in the case of hydrogen the more accurate value 1.008 is given 
as 1. 01 for ordinary use. 

The elements whose names have ? attached are in doubt either as to their simplicity, 
or as to entire units in their atomic weights. 



Elements. 



Aluminium, . . . 
Antimony (Stibium), 
Argon (?), 
Arsenic, . 
Barium, . 
Beryllium, 
Bismuth, 
Boron, 
Bromine, 
Cadmium, 
Cxsium, . 
Calcium, 
Carbon, . 
Cerium, . 
Chlorine, 
Chromium, 
Cobalt, . 
Copper, . 
Erbium (?), 
Fluorine, 
Gallium, . 
Germanium, 
Gold (Aurum), 
Helium (?), 
Hydrogen, 
Indium, . 
Iodine, . 
Iridium, . 
Iron (Femim), 
Lanthanum, . 
Lead (Plumbum) 
Lithium, 
Magnesium, 
Manganese, 
Mercurj', 
Molybdenum, 



• 




§ 


Atomic 




Weight. 


^ 




ill 




Al 


27.1 


Sb 


120 


A 


40 


As 


75 


Ba 


137.4 


Be 


9.1 


Bi 


208.5* 


B 


II 


Br 


79.96 


Cd 


112 


Cs 


133 


Ca 


40 


C 


12.00 


Ce 


140 


CI 


35.45 


Cr 


52.1 


Co- 


59 


Cu 


63.6 


Er 


166 


Fl 


19 


Ga 


70 


Ge 


72 


Au 


197.2 


He 


4 


H 


I.OI 


In 


114 


I 


126.85 


Ir 


193 


Fe 


56.0 


I^ 


138 


Pb 


206.9 


Li 


7.03 


Mg 


2436 


Mn 


55.0 


Hg 


200.3 


Mo 


96.0 



Elements. 



Neodymium (?), 

Nickel, 

Niobium, . . . . 
Nitrogen, . . . . 

Osmium, 

Oxygen, 

Palladium, . . . . 
Phosphorus, . . . . 
Platinum, ... 
Potassium (Kalium), 
Praseodymium (?), 

Rhodium, 

Rubidium, 

Ruthenium, . . . . 
Samarium (?), . . . 

Scandium, 

Selenium, 

Silicon, 

Silver (Argentum), . 
Sodium (Natrium), . 

Strontium, 

Sulphur, 

Tantalum, 

Tellurium, 

Thallium, 

Thorium, 

Tin (Stannum), . . . 

Titanium, 

Tungsten (Wolfram), 

Uranium, 

Vanadium, 

Ytterbium, 

Yttrium, 

Zinc, 

Zirconium, 



s 

s 

> 



Nd 

Ni 

Nb 

N 

Os 

O 

Pd 

P 

Pt 

K 

Pr 

Rh 

Rb 

Ru 

Sm 

Sc 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

Ur 

Yd 

Yb 

Y 

Zn 

Zr 



Atomic 
Weight. 



144 

58.7* 

94 

14.04 

191 

16.00 
106 

31.0 
194.8 

39.15 
140 

103.0 

85.4 
101.7 
150 

44-1 
79.1 

28.4 

107-93 

23.05 
87.6 

32.06 

183 
127 

204.1 

232 

1 18.5* 

48.1 

184 

239.5 
51.2 

173 
89 
65.4 
90.6 



In addition to the elements mentioned in the table the following are believed to have 
been observed in certain rare minerals: terbium {mosandrium, philippium^ilji^ Z/?), 
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gaJeliniiim, dtHpium, kdmium, thulium and dysprosium. They occur usocitted wilh 
cerium, lanthanum, scandium, yttrrbium and yllnum. They are mi much alike chemic- 
ally that it is difficult to separate chem and obtaiti them pure ; they are probahly mixlutes 
of unknown elements. 

Consult (he paragraphs undn Air for an account of whal seem to be elementary gases 
(metargon, neon, kiyptoD, xenon) which hate been isolated from the almosphere. For 
the reasons leading to the adoption of oxygen as the element of compaiison and estab- 
lishing its atomic weight as 16, see p. 73. 

Compounds produced by the unionof the elements are represented by 
placing their corresponding symbols together and designating these 
tkemUal JorinulaT. Common salt, a compound or sodium and chlorine, 
is represented by the formula NaCl; mercuric oxide, a compound of 
mercury and oxygen, by HgO ; iron sulphide by FeS ; hypochlorous 
acid, a compound of hydrogen, chlorine and oxygen, by HCIO. 

By these premises chemical formulas acquire a very precise and evident 
importance. The formula NaCl represents the union of i atom of sodium 
wilh I atom of chlorine, and indicates that in it a3.og parts, by weight, 
of sodium arc combined with 35-45 parts by weight of chlorine to yield 
58.50 parts of sodium chloride (common salt). If several atoms of an 
element are present in ^ compound, this is denoted by numbers which are 
attached to the symbol of the atom : 

HCI H,0 NH, CHj 

MydiDchloric acid. Water. Ammonia. Methane. 

The formula of water (^,0) means that its molecule consists of 2 
atoms of hydrogen (1.02 parts by weight) and i atom of oxygen (16 
parts by weight). The formula of sulphuric acid (H,SO,) indicates it to 
be a compound consisting of i atom of sulphur (32. 06 parts), 4 atoms of 
o:^gen f 4 X 16=^ 64 parts), and a atoms of hydrogen (2 X i-oi ^ 2 02 
parts), from which the composition of the acid may be at once calculated 
into per cent., or into any desired quantity by weight. 



Atomic Cohpohitioh. Ih Psa Cent. 

HydroRen, H, = 2.0a 2.06 

Sulphur, . . S = 31.06 32.69 

Oxygen, . . O, = 64.00 65. as 

H,SO, = 98.08 100.00 

A chemical change is represented by arranging these symbols in the 
form of an equation. The left side of the equation indicates the sub- 
stances present before the reaction occurs, while the right side shows the 
products. Thus the chemical equation : 

HgS + Fe = FeS -f Hg 

means that mercury sulphide (233.36 parts) and iron (56 parts) have 
combined to form iron sulphide (88.06 parts) and mercury (200.3 parts). 
The equatioD 

aH + O = H,0 

indicates that i molecule of water has been formed by the union of a 
atoms of hydrogen with i atom of oxygen. 
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It is true these equations give no idea of the conditions surrounding 
these transpositions, nor of the alterations in energy which accompany 
them. They represent the purely material side of the change. They indi 
cate the quantities by weight of the substances entering the reaction and 
also of the products : the weight of the bodies entering the reaction is 
equal to that of the resulting products. Every chemical equation is there- 
fore an expression of the law of the indestructibility of matter (p. 20). 



CONDITIONS OP CHEMICAL CHANGE. 
THBRMG-CHEMICAL PHENOMENA. 

The first requisite for bodies to act chemically upon one another is 
that they be brought into most intimate contact because chemical action 
does not occur at great distances. In the case of solids this intimate 
contact, so essential for complete chemical transformation, cannot ordi- 
narily be attained by mere mechanical mixing : the necessary condition 
is best reached by liquefying the bodies, or at least one of them, by 
fusion or solution in some solvent. Hence the old saying corpora non 
agunt nisi fluida, * 

In many instances, however, the chemical transposition does not take 
place even with the most intimate contact. An external physical im- 
pulse occasioned by light, by electricity, by change in pressure (Spring, 
van*t Hoff ), but more especially by the temperature, is required for its 
occurrence. Thus, for example, hydrogen and oxygen at the ordinary 
temi^erature are wholly indifferent to one another despite the fact that as 
gases they may be mixed as completely as it is possible. It is only when 
they are heated that they combine — slowly at 200**, but with violent ex- 
plosion about 700° — to water. The same occurs upon passing the electric 
spark through the mixture. A mixture of hydrogen and chlorine will 
remain unchanged in the dark, while in diffused sunlight the gases will 
slowly unite to hydrochloric acid, but in direct sunlight, upon the appli- 
cation of heat, or by passing the electric spark they will unite at once with 
great violence. A mixture of iron and mercury sulphide requires the aid 
of heat to bring about the transposition to iron sulphide and mercury. 
At the ordinary temperature they appear to exercise no visible chemical 
action upon one another. By the application of external energy — heat, 
light, electricity, etc — the atomic structure of the molecules of hydro- 
gen and oxygen, of chlorine and hydrogen, of mercury sulphide and 
iron, etc. — is first loosened or disintegrated and then the chemical action 
between the several components takes place. However, the experiments 
of Raoul Pictet [1892; compare Ber. 26 (1893), iv, i and A. Welter, Die 
tiefen Temperaturcn, Crefeld 1895] show that chemical reactions do not 
occur at temperatures below — 125°. Substances which at the ordinary 
temperature react with the greatest readiness — e. g,, sulphuric acid and 
barium chloride, hydrochloric acid and silver nitrate, sodium and alcohol 
— api)ear at — 80° to be as indifferent toward one another as mercury sul- 
phide and iron, and hydrogen and oxygen at the ordinary temperature. 
Even such delicate tests as those of blue litmus and sulphuric acid or hydro- 
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chloric acid do not take place below — i lo®. It is obvious, therefore, that 
the power of substances to act chemically upon one another is entirely de- 
pendent upon the external conditions, particularly the temperature, pre- 
vailing at the moment of their contact. This has been further demonstrated 
by the experiments which it has been possible to conduct at very high tem- 
peratures, (it is well known that hydrogen and oxygen unite to form 
water above 200^, but at 2000^ and above, water breaks down again into 
hydrogen and oxygen (compare Dissociation of Water). The higher 
the temperature the more complete will be the decomposition, and 
eventually a point will be reached at which the hydrogen and oxygen will 
exert as little chemical action upon one another as they would below 200^. 
A chemical compound is, therefore, only wholly stable within a certain 
range of temperature. The latter may change, however, with the pres- 
sure and in the case of some substances we may not be able to obtain it 
with our present facilities. The compound will begin to separate into 
its constituents — its elements — just as soon as this limit is exceeded. The 
rapidity of the decomposition, the magnitude to which it may extend, 
is also dependent upon pressure and temp>erature. This is therefore due 
to the fact that a portion of the product of decomposition reunites to 
form the original body and in this way a state of chemical equilibrium is 
produced. The extent of the decomposition is always definite for given 
external relations. Similarly, the action of unlike bodies upon one an- 
other is frequently complete only within definite ranges of temperature, 
and the rapidity with which this action proceeds is in like manner influ- 
enced not only by temperature but also by pressure and by quantity- 
relations. Very often opposite reactions, union and decomposition, oc- 
cur simultaneously, and occasion a state of equilibrium. 

^very chemical change is invariably accompanied by a change of 
energy — by the disengagement or absorption of hea^electricity, etc.). 
The customary chemical equations, such as are employed upon page 27, 
represent merely the material side of a chemical reaction, the nature and 
quantities by weight of the reacting and resulting substances. But when, 
for example, 2.02 grams of hydrogen and 16.00 grams of oxygen unite to 
yield water, there is an accompanying dynamical change, a definite and 
considerable quantity of heat is disengaged — in this instance equaling 
68.4 calories (p. 23). An equation showing the union of hydrogen with 
oxygen to form water — an equation which would include both weight rt^LC- 
tions and those of ener^ — would read as follows : 

2H 4- O :^ H,0 -h 68.4 Cal. 

Similarly, in the union of i.oi grams of hydrogen with 35.45 grams of 
chlorine, forming 36.46 grams of hydrogen chloride, we have a liberation 
of 22 calories : 

H -I- CI = HQ 4- 22 Cal. ; 

while the formation of hydrogen iodide (127.86 grams) from hydrogen 
(i.di grams) and iodine (126.85 grams) is accompanied by an absorption 
of energy — an absorption of 6 calories : 

H + I + 6 Cal. = HI. 
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But this equation is in no manner to be understood as meaning that hydrogen and 
iodine require the addition of but 6 calories in order that hydrogen iodide may result. 
The application of that amount of heat would only produce a wanned mixture of hydro- 
gen and iodine vapor. The quantity of energy equivalent to 6 calories of heat can only 
be taken up by the mixture under certain definite physical conditions in such a way that 
hydrogen iodide is the product. 

When we desire to decompose water into hydrogen or oxygen we must 
restore all the energy which has escaped. This energy is contained in 
the free elements as chemical (potential) energy. The decomposition of 
hydrogen iodide into its elements, on the contrary, occurs with a disen- 
gagement of heat. This heat is equivalent to the energy which the iodine 
and hydrogen took up in their passage into hydrogen iodide. 

Reactions are distinguished as exothermic and endothermic, i. ^., they 
have positive or negative thermal values depending upon whether heat 
(energy) is liberated or absorbed. 

The heat modulus, attending a chemical reaction, offers important con- 
clusions as to the concurrent alterations in energy, as well as to the nature 
of the substances entering the reaction. 

These relations are most evident in those reactions in which only two 
elements participate. ^Compounds, formed from their elements with the 
liberation of heat, contain less energy than the elements themselves, are 
mor e stab le than their mixture, and can be resolve d into the original 
elements by the consumption of energ y .^ The conditions requisite for 
their formation are equally present in tne mixture of the parent sub- 
stances, because every system of bodies, as taught by mechanics, strives to 
attain that state of equilibrium, in which the content of energy, convert- 
ible into work, of tension or, as Helmholtz terms it, q{ free energy^ is as 
low as possible. It is for this reason, therefore, that reactions of this 
description occur almost immediately on bringing the respective bodies 
together. An example of this kind has already been given : antimony 
and chlorine unite instantaneously to antimony chloride (p. 19). As a 
rule, however, an external impulse from heat, electricity, or light is 
needed to start the reaction. Several examples illustrating this have been 
presented. This behavior must be regarded as a sort of liberation of the 
chemical tension. It is necessary that a portion of the molecules — the 
physical individuals — first be resolved into their atoms — the chemical in- 
dividuals — the combination of the atoms in the molecules must be made 
less intimate at least. When once the reaction has been in this manner 
begun at one point of the mixture, it generally continues and proceeds of 
itself, according to the amount of heat developed, with greater or less 
intensity, which may even reach to explosion, as in the production of 
water or hydrochloric acid from their elements. 

Compounds which absorb heat when produced from their elements, e, g., 
hydrogen iodide and nitrogen chloride, contain more free energy, more 
tension, than the parent substances, and are consequently less stable than 
their mixture. Thev cannot be formed from their elements without the 
simultaneous addition of energy. In this instance to simply initiate the 
reaction is not sufficient, for energy must be continually added, otherwise 
the chemical action will cease. 
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Viewed thermally, the decomposition of compounds into their elements 
proceeds oppositely to their formation. If the latter was accompanied 
by heat evolution then the decomposition ^ould occur with heat (energy) 
absorption, would require the constant addition of energy, advance very^ 
gradually, never in an explosive manner, and would be circumscribed by^ 
the opposing combination-tendency of the products of the decomposition /(6^ 
(compare Dissociation of Water). Just as every transition of a system ^ 
from a condition of stability to one of less stability requires an expen- 
diture of work, so does the decomposition of such a body as indicated in 
the preceding lines, j Compounds, however, which like hydrogen iodide 
and nitrogen chloride are produced with heat absorption, generally break 
down with ease and completely into their elements. In this way the 
system passes into a more stable condition. Frequently, an external im- 
pulse is all that is necessary to start such a decomposition. It then pro- 
ceeds of its own accord and may increase even to explosion. Many of 
the bodies belonging in this group are explosive ; indeed, some of them, 
e, g,^ chlor ine mon oxide and nitro gen jp d id e explode when touched or 
when warmed, others again require a more energetic concussion. Thus, 
nitric oxide, acetylene, and cyanogen explode if a slight amount of 
mercury fulminate be ignited in them. 

The heat modulus is not a measure of the affinity of the elements which 
combine with one another. Even the formation of water from hydrogen 
and oxygen, an apparently very simple process, is really the product of a 
number of chemical and physical changes, proceeding by grades, which in 
turn are accompanied partly by positive and partly by negative thermal^^ y ^» ' 
values-breaking down of the molecules into atoms, union of the differ- 
ent atoms to molecules; diminution of the number of molecules, lique- 
faction of the aqueous vapori The quantity of heat observed merely 
represents the algebraic sum of all these heat moduli (thermal values). 

If more than two elements, if several compound substances, take part 
in a chemical change the meaning of the thermal value accompanying it 
is more difficult to comprehend. The majority of reactions of this kind 
proceed in harmony with the principle of greatest heat development diccoxd- 
ing to which from a given system of bodies, without the introduction of 
external energy, that new compound will result, in whose formation there 
is the greatest heat development (Berthelot). This principle is not uni- 
versally acknowledged, neither do all the facts support it, nor is it justified 
from the standpoint of the mechanical theory of heat. The entropy- 
principle is a more acceptable substitute (p. 23). When the thermal 
relations of the various groups of elements and compounds are discussed 
this point will be more minutely considered. 

THE PRINCIPLES OP CRYSTALLOGRAPHY. 

Solid, homogeneous bodies are composed of the smallest particles, mole- 
cules, which we imagine as being irregularly placed or arranged in a 
regular net-like manner. In the first instance they are amorphous, show- 
ing like physical properties in every direction, while in the second case 
they are crystallized^ manifesting a similar physical deportment in all 
parallel directions, but which in general varies in diffei^vvt d\\^c.\\a\s&* 



32 INORGANIC CHEMISTRY. 

In crystallized bodies the molecules are so arranged in layers, that all 
the particles are similar. These layers form planes, crystal faces^ whose 
form depends on the nature of the molecules; in crystals differing from 
one another chemically, the form of the faces is abo different. 

A combination of all the crystal faces (planes) circumscribing a crys* 
tallized body constitutes its crystal farm ^ which is always definite for 
every crystalline chemical compound. The form and the extension of the 
individual faces may vary, but the angles produced by the faces remain 
unchanged. (Law of the constancy of angles formed by crystal faces.) 

A zone is produced by three or more planes cutting one another in paral- 
lel edges ; the zone axis is the direction with which the edges run parallel. 

We can imagine most crystals so divided by planes that each cr3r8tal 
face upon the one side corresponds to a similar face on the opposite side, 
producing a like angle with the intersecting plane. Such a plane is desig- 
nated a /j'/v/^^/rV'/Za^^; its perpendicular is known as the symmetry axis. 

The symmetry ratios vary with the individual crystals. One may 
exhibit greater symmetry — more symmetry-planes — than another. All 
those crystalline forms in which there is a like number of symmetry- 
planes constitute a system of crystallization. 

There are two kinds of symmetry-planes. Thus crystals exhibit in 
part one or several symmetry-planes, with which several symmetry axes 
are parallel and which may be exchanged one for the other without 
altering the crystalline form. Symmetry axes of this description are said 
to be equivalent, and the symmetry-planes with which they are parallel 
are called the principal symmetry-planes and their perpendiculars are the 
principal axes. 

Six systems of crystallization are distinguished on the basis of relations 
in symmetry. 

I. The regular or isometric system with three principal symmetry- 
planes and six secondary symmetry-planes. 

II. The hexagonal system with one principal symmetry-plane and six 
symmetry-planes. 

III. The quadratic or tetragonal system with one principal symmetry- 
plane and four secondary symmetry-planes. 

IV. The rhombic system with three secondary symmetry-planes. 
V. The monoclinic system with one secondary symmetry-plane. 

VI. The triclinic system, in which there is no symmetry-plane. 

I. The Isometric System. — The forms of this system are referred 
to an axis system consisting of three axes of equal length (^principal 
symmetry axes') and at right angles to one another. Two of the axes lie 
in a principal symmetry-plane. The various fundamental forms are de- 
rived by imagining these axes a, a, a, cut by planes at equal or unequal 
distances from their point of intersection. The axial section of a plane 
is termed its parameter. If the smallest of these be designated by a, and 
the other two by na and ma, then the values n and m (the coefficients of 
the parameters) become in accordance with experience rational iwimhex^. 
There are seven fundamental forms : 

I. Octahedron (O) (Fig. i). The faces intersect the axes at equal 
distances a : a : a from the center. 
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3. Cube {ooOao) (Fig. 2). The faces intersect one axis and are 
parallel to the other two : a-.oaa: mh. 

3. Dadfcaift/roit ( CD 0)(Fig. 3). The faces intersect two axes at the same 
distancefrom the center, while they are parallel to the third axis: a: a: oea. 




4. Triioctahedron {mO') (Fig. 4). The faces intersect two of the axes 
at unity and the third at a greater distance : a : a : ma. 

5, Trapesohtdron or hositetrahedron (mOm) (Fig. 5). The faces 
intersect one axis at unit distance and the other two at topaX but ^<:«,w« 

; /ma : ma. 
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6. Tetrahexahedron ( oo Ori) (Fig. 6). The faces intersect two axes at 
different distances and the third axis at infinity : a \ na \ ooa, 

7. Hexoctahedron {mOn) (Fig. 7). The faces cut all three axes at 
different distances : a\ na \ ma. 

These simple forms usually occur in combination; this is also true of 
the remaining systems. Thus Fig. 8 represents the combination of 
dodecahedron (006?), cube (00^00), and octahedron ((9). 

II. The Hexagonal System. — ^There are seven symmetry-planes in 
this system, six of which are at right angles to the seventh — the principal 
symmetry- plane. The six planes referred to cut one another at an angle 
of 30**. The intersecting lines of three alternating planes (cutting one 
another at 60**), together with the principal symmetry-plane, are regarded 
as the secondary axes (these are equal a\ a\ a). The fourth axis is the 
axis {c) at right angles to the principal symmetry-plane. The ratio a : c 
is irrational and is very definite for every substance crystallizing in the 
hexagonal system. 






The forms of this system are either double pyramids coY\%\%\\x\g of twelve 
or six faces converging above and below at the terminals of the principal 
axis, or they are twelve- or six-sided prisms, the faces of which are parallel 
to the principal axis. To these must be added the pair of faces perpen- 
dicular to the principal axis — the basal planes. Fig. 9 represents the 
hexagonal pyramid (JP) and Fig. 10 the hexagonal pyramid {P) with the 
prism ( ooP). The angle produced by the intersection of two prism faces 
equals 60°. 

III. Tetragonal or Quadratic System. — ^This system like the 
hexagonal is characterized by a single principal symmetfy-plane to which 
four alternating similar symmetry-planes cutting one another at 45** are 
perpendicular. There are three axes at right angles to one another. 
The principal axis {c) is normal to the principal symmetry-plane, while 
the other two (a, a) correspond to the intersecting directions made by two 
equal symmetry-planes with the principal symmetry-plane. 

The forms of this system, as in the hexa|2:onal system, consist of pyra- 
mids, prisms, and basal plane (pinacoid). The pyramids axe rcv^^de w^ oC 
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four or eight faces above and below. The prisms also have four or eight 
faces; e.g.. Fig. ii: tetragonal pyramid (^P); Fig, la: tetragonal 
prism { tap) with the ^ratnid (^P). The angle formed by two prism 
faces is 00°. 

IV. The Rhombic System. — In this system there are three dis- 
siroilarsymmetry-planesat right angles to oneanother. Theirdirectionsof 
intersection are assumed to be the axes a, b, c. I'he rhombic pyramid {P) 
(Ftg. 13) is the fundamental form. It cuts the three axes (of unecjual 
lengths) at their unit distances (a is the biathy-axii, b the m<rero-axis, 3inA 
c Xhevertital axis). There are other pyramids in which the faces intersect 




the axes at other than nnit distances from the center. Prismatic forms re- 
sult when the faces are parallel to one axis. If they are parallel to f the 
rhombic prism ( ooP) (Fig. 14), and macro- or brachydomes if the faces 
run parallel to b or a, e. g.. Fig. 15, the mairodcme. 

The pair of faces perpendicular to the vertical axis constitutes the basal 
planes, while the other pairs of faces at right angles to the other two axes 
are termed the macro- and brachy-ptnaeoids. 

V. The Monoclinic System, — ^Thcie ixVmt. Qiie^'^mmvtW^-^J'.wx^S.'^ 
this systtm. It is directed toward the o\)seT\c\ -wVctv \\« oa.-wA'^'s. -Cx*. 
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crystals. The axis system consists not only of the perpendicular (^^axis) 
to the symmetry-plane, but also of the intersecting lines (a and r), whic h 
form two crystal faces with and at right angles to the symmetry-plane and 
are inclined to one another at any arbitrary angle (^). The vertical axis 
is c, whiles, directed toward the observer, is designated the clino-axis. 
The forms are like those of the rhombic system. Each pyramid, however, 
resolves itself into two independent ^^////-/j'A'a/v/V/r/ these are distinguished 
as positive (+ P) and negative ( — P) (Fig. 16). There are positive and 
negative orthodomes, each arising from a pair of faces, which correspond 
to the rhombic macrodomes. The prismatic form, parallel to the clino- 
axis, is termed the clinodome. 

VI. Triclinic System. — Any three crystal planes are selected for 
the axis-planes. Their intersecting lines constitute the axes a (brachy- 
diagonal), b (macrodiagonal), c (vertical axis). All the axes intersect 
one another at oblique angles. The angle between b and c is designated 
a, that between a and c ^, and that between a and b y. There is no 
symmetry-plane present; each parallel pair of faces constitutes a crystal 
form, so that a pyramid intersecting the three axes at the distancts ai bi c 
consists of four different crystal forms which are marked as in Fig. 17 
with /", P^^ '/*, ^P. All the other forms, as in the monoclinic system, are 
derived from these, with the difference that in this system the distinction 
between right and left must be observed. 

In nature, crystals rarely occur so regularly developed as represented 
in the preceding forms. Usually they are more or less elongated in one 
or more directions and this causes the faces of one and the same form to 
become, as regards their spacial extension, unequal and the whole crystal 
appears to be distorted. Such a distortion, however, never influences 
the position of the faces with reference to the axes. The angles produced 
by the faces remain unchanged so long as the temperature is the same. 
(Law of the constancy of the angles formed by the faces.) The measure- 
ment of the angle formed by the faces by means of the goniometer is the 
only means we pwDSsess of unraveling complicated combinations, and even 
this aid is not in all cases satisfactory in determining definitely and surely 
that a form belongs to one or another system. For this purpose a careful 
investigation of the physical properties is frequently essential, because it 
occurs that crystals apparently develop a higher symmetry geometrically 
than belongs to them when their physical properties are considered 
(pseudo-symmetric crystals). 

Another irregularity in their development consists in the fact that the 
faces themselves are not even and smooth. They frequently occur bent, 
€. g., in the diamond and dolomite; drusy, due to the protuberance of 
numerous little solid angles, upon the faces, of other forms differently 
orientated, or striated by the frequent alternating appearance of two 
faces— ^. g.y the striation of the cube faces of pyrite due to the oscillatory 
appearance of a pentagonal dodecahedron — rough, corroded, etc., etc. 

Two or more crystals are often grown together; this growth being 
either regular or irregular. When regular the crystals are parallel to one 
another and are designated parallel growths^ or they are not parallel but 
yet Jixnited \>y a very definite regularity. Such grovflVvs a\^ c^AV^d tiwins. 
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Their regularity consists in the fact that the two crystals forming Ihe 
twin are symmetrically developt-d with one another in relation to a crys- 
tal lographically possible plane — the tivinning-plant. Fig. i8 represents 
an example of such a twin crystal. Two octahedra, or better, two half 
octahedra, are here symmetrical in reference to an octahedral face. 
Spinel and magnetite are examples of this class. The plane along which 
the two individuals have developed is the growth-plane. It is not neces- 
sary that this should at the same time be the twinning-plane, for two 
crystals can be symmetrical to one another in reference to one plane and 
yet be developed along another plane. This, for example, is often the case 
with what are termed the Carlsbad orthoclase twins. In them the clino- 
pinacoid is the growth-])lanc and the orthopinacoid the twinning-plane. 






Crystals may also grow on both sides beyond the growth-plane, /mw- 
tration-twins or crosses are the result. 

In addition to the simple forms appearing with all their faces, hence 
termed kolokedral form, others occur in which only half the possible 
faces are present — the htmihedral form. These result if we imagine a 
holohedral form to be divided by symmetry-planes into congruent parts, 
and then have one of every two parts, which are symmetrical in reference 
to these planes, fall away. In this manner every holohedral figure will 
yield two hemihedral forms whirh differ from one another in their 
position, and are either congruent or symmetrical. Thus, the octahedron 
of the isomeric system yields the tetrahedron. Fig. 19, and the hexagonal 
pyramid, the rhomtohtdron (Fig. zo). 

A comparatively rare phenomenon has been observed va. ^Va, tv^-aiais. ^A 
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some substances — namely, a different development at the opposite ends of 
an axis. This is known as hemimorphism. Stnivite (magnesium ammo- 
nium phosphate Mg(NH4)P04 + 6 H,0), Fig. 21, is an example of this. 
On the upi)er end of the vertical axis occur the domes F "oT and P^f 
while below there is only the dome /'oo and the basal plane oP. Tour- 
maline, calamine, cane sugar, etc., exhibit the same phenomenon. 

Substances crystallizing variously in the same, or in two or three 
different systems are said to be dimorphous, trimorphousy etc. Titanium 
dioxide (TiO,), for example, is found in nature in crystals of the quadratic 
system as the minerals anastase and rutile, and in those of the rhombic 
system as brookite (see also Sulphur). 

Various substances which crystallize in similar or in forms very much 
alike in the same system are called isomorphous {see also Isomorphism). 
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CLASSIFICATION OF THE ELEMENTS. 

Ordinarily we are accustomed to divide the elements into two groups ; 
inctais and non-metals (see p. ig). The former possess metallic appear- 
ance, are good conductors of heat and electricity j the latter, the metal- 
loids or non-metals, do not have these properties, or at least in less degree. 
In chemical respects the metalloids have the tendency to combine with 
hydrogen, forming volatile, generally gaseous, compounds; their oxygen 
derivatives form addi with water. The metals, on the contrary, do not 
unite with hydrogen, or at least do not form volatile compounds with it, 
and their oxygen derivatives yield chiefly ihe so-called bases with water. 
Further, the compounds of metals with the non-tnetals are so decomposed 
by the electric current that the metal separates at the electro- negative, 
and the non-metal at the elcctro-posi live pole. From this we observe 
the metals are more electro-positive — more basic; the metalloids more 
electro- negative — of an acid-forming nature. A sharp line of differ^Mk . 
between metals and metalloids does not exist. There are elements, inre ' 
antimony, which in their extern ad^ipearance resemble metals, while in 
a chemical res|)ect they deport Ihemelves throughout as metalloids, and 
vice vers&. Thus hydrogen, a gaseous element, is like the metals in its 
entire chemical character, while metallic antimony arranges itself with 
the metalloids. 

It is therefore bettcrto divide the elements into separate natural groups, 
based upon their chemical yialogies. The best and only correct classifi- 
cation of all the elements depends on the law of poiodUity, according 
to which the properties of the elements and of their compounds present 
themselves as a periodic function of the atomic weights. Later we shall 
treat of the periodic system more at length ; it forms the basis of this 
text-book, and in accordance with this doctrine we consider the elements 
in single natural groups of similar chemical deportment. The first of 
these groups, comprising almost all the so-called non metals, are the 
following : 

Catbon Boron 



Fluorine 


Oxjigfia 


NilroRen 


Chlorine 


Sulphur 




Bromine 


Selenium 


Araenic 


Iodine 


Tellurium 


Anlimony 



Hydrogen does not belong to any of these groups; uniting the metal- 
lic and non-metallic characters in itself, it represents, as it were, tbe type 
of all elements, and therefore it will receive first &t.t«,nt.\<:iTv. %^\<iw 
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occupies an isolated position. It has been classed with the non-metals, 
but differs somewhat from them in chemical deportment. It forms the 
transition to the metallic elements, beryllium and aluminium. 



HYDROGEN. 
Atom: H-iAi. Molecule: H|— ijn. 

Hydrogen (hydrogtnium), a gaseous body, occurs rarely in a free con- 
dition upon ihe earth's surface, — in the gases from volcanoes and in 
those issuirigjromtheearth, 
* — as an enclosure in minerals, 
a pro duct of dec ay, and, from 
recent statements, it is found 
in very small amount in the 
a tmosph ere. It is, however, 
present in considerable quan- 
tity in the photosphere of the 
sun and fixed stars. In com- 
bination, il is found chiefly 
as water, and in substances of 
vegetable and animal origin. 
Paracelsus first observed this 
element in the sixteenth cen- 
tury, and called it inflainma - 
ble air ; and in 1766 Cav- 
endish, recognizing it as a 
peculiar gas, named it inflam- 
"'^ "■ mableair. 0n 1783 Lavoisier 

proved that hydrogen was a 
constituent of water — a chemical compound of the elements hydrogen 
and oxygen— by conducting steam over ignited metallic iron. 

Prepainlioa. — It may be readily obtained from water. The decompo- 
sition of the same by the removal of oxygen can be effected bv some metals, 
like sodium and potassium, at the ordinary temperature. Both metals act 
very energetically upon il, liberating gaseous hydrogen. To perform the 
experiment, take a piece of sodium, roll it up in a piece of wire gauze, 
and shove it, with nippers, under the mouth of a glass cylinder filled with 
and inverted over water (Fig. aa). Bubbles of hydrogen are at once 
disengaged, displace the water and collect in the upper part of the cylin- 
der. The reaction occurring between the sodium and water is expressed 
by the following chemical equation : 

H,0 -f- Na = NaOH + H. 




n hydroxide, i 



IS dissolved in 



Other metals decompose water in a similar manner, at an elevated 
temperature. To effect this with iron allow steam to pass through a tube 
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filled with iron filings, exposed to a red heat in a combtistion furnace. 
The iron withdraws oxygen from the water, combining with it, while tJie 
hydrogen set free is collected. Magnesium powder reads similarly, but 
at a much lower temperature, upon steam (Ber. 26 (1893), I, 59), 

Fur laboratory purposes, hydrogen is prepared by the action of zinc 
upon hydrochloric or sulphuric acid. The reaction with the latter acid 
is as follows ; 

Zo + H^, = ZnSO, + Hr 
Sulpburic acid. Zinc lulplutc. i 



Place granulated zinc (obtained by dropping molten zinc intow 



=r) 



n a. double-necked flask (Fig.^^, and introduce sulphuric acid (diluted 
with about 3 vols, of HjO) th1H|h the funnel tul>e, b. The liberation 
of gas begins immediately, and the hydrogen, escaping through the exit 
tube, f, is collected as previously described. 




Fig, 23. 

The hydrogen thus forme^^ a faint odor due to a slight admixture 
of foreign substances (the hydrides of sulphur, arsenic, phosjihoruB 
and carbon — if these elements are contained in the metal used in the gas 
evolution). It is therefore conducted through a solution of potassium 
permanganate to purify it. 

Many other metals, e.g., iron, behave like zinc with dilute acids. 
Some metals — zinc, iron, and aluminium — dissolve when finely divided, 
in sodium or potassium hydroxide with the li1>cra(ion of hydrogen : 

Zo + aN>OH = Zn(ON«), + H,. 

Pure hydrogen may be obtained bv heatini; potassium formate with 
potassium hydroxide: CHO.K + KOH = K,CO, + H,; for technical 
purposes by heating zinc or iron with calcium hydroxide (slaked lime) in 
a combustion tube : Zn + CaO,H, = ZnO + CaO + H„ or witlicoal 
(anthracite) : 

aGK^H, + C = CaCO, + C»0 + aH» 



^*"r 
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A very important method for the preparation of hydrogen consists in 
decomposing certain aqueous solutions by means of the electric current. 
This decomposition usually proceeds as if the water broke down into its 
constituents : 2H,0 = aHj + O,. The hydrogen appears at the negative 
pole. The electrolysis of such solutions will be discussed exhaustively later. 

Purifying and Drying of Gases, — ^To free gases of the substances mechanically carried 
along during their disengagement, it is best to conduct them through variously constructed 
wash-bottles, filled witlnrater or liquids, which will absorb the impurities. Ordinarily the 
so-called Woulff bottles are employed (compare Figs. 31 and 35). The open tube, 

placed in the middle tubulure, is called the 
safa^tube. It serves to equalize the inner 
pililnre with that of the external atmos- 
phere. Wash-bottleS of various construction 
will be represented in the several sketches. 
Gases liberated from an aqueous liquid 
are always moist, as they contain aqueous 
vapor. To remove this conduct them 
through vessels or tubes filled with byero- 
scopic substances (see Fig. 30). Calaum 
chloride, burnt lime, sulphuric acid, etc, 
are used for this purpose. 

Apparatus for the Generation and Cdi- 
lection of Gases. — In the apparatus pictured 
in Fig. 23, the liberation of hydrogen con- 
tinues uninterruptedly as long as zinc and 
sulphuric acid arc present To contnd the 
generation of the gas we have recourse to 
different forms of apparatus. One of tfie 
most practicable of these is that of K^». 
It consists of two glass spheres, d and )» 
Fig. 24, in the upper opening of ..which 
there is a third sphere, r, fitting iw-tiffht 
and provided with an elongated' ti£e. 
It serves as a funnel. Granulated zinc is 
placed in the middle sphere through the 
tubulure e, and dilute sulphuric add is 
poured into the spherical funnel, whidi 




Fig. 24. 



first fills d^ then ascends to b^ where it comes in contact with the zinc ; at once the 
lution of hydrogen commences and the gas escapes through e. Upon closing the stop* 
cock of the tube fixed in e^ the hydrogen which is set free presses the sulphuric add out of 
bj and consequently the liberation of the gas ceases. On again opening the stop-cock, the 
acid rises in b to the zinc, and the evolution of gas commences anew. The vessel a con- 
tains water or concentrated sulphuric acid to wash the escaping hydrogen. 

The somewhat complicated Kipp apparatus may be advantageously replaced by the 
following simple contrivance recommended by Debray (Fig. 25). Two bottles provided 
with openings near their bottom, in which are glass tubes, are connected by a rubber tube. 
The bottle A is filled with granulated zinc, and B with dilute sulphuric acid. The codk 
R closes A. When this is opened the sulphuric acid flows from B to Ay to the zinc, 
and the evolution of gas commences. D represents a form of wash-bottle suggested 
by Kempf. The gas evolution can be quickly regulated by raising or lowering the 
bottle B. 

The Mohr apparatus (Fig. 26) is very convenient for the evolution of gases. Into the 
second cylinder containing the acid another narrower cylinder closed by a stop-cock ti 
introduced. The zinc (iron, marble, etc.) is placed above the contraction of the inna 
cylinder. On opening the stop-cock the acid enters and evolution of gas commenoeSi 
On closing the stop-cock the hydrogen presses the acid back from the inner cylinder ; thi 
evolution of gas ceases. 
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GaaDmeters of Tmriout constmcIioD wne to collect and preMrre gues. In Fig. 37 we 
have the ordinaiy guometer of Pepyi. I( is constructed of sheet copper or dnc, and 
consisU of Iwo cylindricil veuels, the lower one closed, the upper open, communicatiiig 
with each other by the two lubes a and i. The lube c is only a suppoit. I'o this end, 
pour water into the upper cylinder, and open a and ^ ; the water then flows through a, 
oearljF reaching the bottom of the lower cyhnder, while the air escapes through r. When 
the lower cylinder is filled with water close a and e (the last traces of air can be removed 
by cqwoing *), To fill the gasometer with p«, remove the cover of the side lubulure 
d, tad introduce the tube (rem which the gas is escaping. The latter rushes up into ihe 
cyliDder, while the water flows o«( the lubulure. When the water is displaced by the 
gas, close d, after filling the upper cylinder, and then, if desired, open a, and the 
gas can be set free, either by e ai i. 

In addition to (he gasometer described, various other forms are employed ; gas-bag* 
and tubes are very well adapted for proernng gaset. 

Physical Properties. — Hydrogen is a colorless, odfflless. and tasteless 
gas. ^t conducts heat and electricity better than all other gases_^ This 




Flaas- 



may be readily proved by the following experiment : A current of elec- 
tricity is sent through s thin platinum spiral, and while the latter remains 
in the air or some other ga5,.jt will glow, but in an atmosphere of hydro- 
gen the spiral will not become luminous, or at once cease glowing. 
The metallic nature of hydrogen is shown by this beha.vior. 

Of all gases hydrogen is the most difficult to liquefy, because its criti- 
cal temperature is the lowest (about — 220'^ ; it must, therefore, be ex- 
posed to the most intense cold. 

The procedure first adopted by Olszewski and more recently by Dewar 
for the production of liquid hydrogen (also applied to other gases) con- 
sists in'suddenly lowering the pressure of the sufficiently cooled and 
powerfully compressed gas, when it will rapidly expand and a portion of 
it will deprive another portion of so much heat (hat the second portion 
will liquefy. Dewar permitted hydrogen cooled to — 305° and under a 
pressure of 180 atmospheres to enter a. vacuum- vessel also coq\«.A\.ci — ■*«?" > 
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The liquid hydrogen prepared in this way is colorless, very mobile and 

has the specific gravity of 0.07. It boils at about — 240" under the ordi- 
nary atmospheric pressure. 

CLikeail gases, coercible with difficulty, hydrogen is but slightly soluble 
in wateii 1000 volumes dissolving 19 volumes of the gas at 14° C The 
coefficient of absorption of hydrogen by water is therefore 0.0193. It is 
the l ightest of all^gtLses. That is, a definite volume of it weighs less than 
an eqiiaT^voTrime oP any other gas at the same tempetamre, under 
like pressure, and subject to a like 
action of gravily. It is generally 
understood that the com|)arison 
of the weight of equal gas volumes 
is made at 0°, 760 mm. baromelnt 
pressure at sea-level and in the 45° 
of geographical latitude. Th^A] 
are normal conditions, and 
them I liter of hydrogen wei'L 
0.08988 gram, i liter of oxygen; 
1. 4191 grams, and I liter of air; 
1.2930 grams. The thousandth 
part of each number, the weight of 
one cubic centimeter, is tW 
specific gravity of the gas reft 
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From this it follows that air is i4-4 (= ^bTbTi) ''"^ 
hydrogen, and oxygen 15.9 (;= ij'^Vs's) *'"'^^ heavier than the lattet. 
These numbers are the densities of these gases referred to hydrogen as unit. 
If, however, the weight of the air volume is selected as unit we obtain 
0.06951 (— "I'lli") ^^ '''*^ density of hydrogen, and 1.1052 (= ',*AV) 
as that of oxygen. It has become the rule quite recently in chemical 
discussions to refer densities to that element which isialtenas the standard 
in atomic weights : oxygen, and for reasons which will be given subse- 

• For llie detpnniniitirai of tlipse numbers compare Morlev, Z. ph)^. Ch. 17 (189SI 
87; 30 [1806] 6S. Z4Z, 417. and Thomwii. Z. f. anorg. Cli.'i* (18961 1 ; also Kohl - 
rsHsch, Leiifnilen dec piakt Phywli, 8 M\R. 1 181)6), 459. Morlcy gives as the most prab- 
able values for tlie weiglil or a liler cif hyiltngeii and ihal of oxygen : 0.089873 and 
1.4390: Thomsen: 0.089947 and 1.42906. 
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qnently, the weight of its volume is placed at 31. Then for hydrogen 
th^re would result the number 2.0126 and for air 28.954. 

Ql'he volume expreseed in cubic centimeters which 1 gram of gas would 
occupy under Dortnal conditions is its specific volume^ If the weight of one 
cubic centimeter of gas is represented by a, its specific volume would be 
V,^-j-. Hence the specific volume of hydrogen is ^-^^^^ = 11,126 ; 
that is, one gram of hydrogen under normal conditions occupies 11,126 
cubic centimeters (11. 13 liters). The specific volume of air is ^7^^^^-^ 
= 773.4 c.c, and that of oxygen -^ „\^iiiix =^699.7 c.c. 

That hydrogen is lighter than air is shown by a balloon of collodion 
or gum filled with the former rising in the latter ; this can also be seen 
in soap bubbles filled with hydrogen. In consequence of its leviiy, 
hydrogen may be collected in inverted vessels (opening turned down) by 
displacing the air, and can ^o be poured from one cylinder into another, 
as represented in FigT 28, The hydrtigen flows from the inclined 
cylinder into the one held vertically and filled with air, which it expels. 
Such a separation of gases, based on their varying si)ecific gravity, is only 
temporary, as they soon mingle with each other by difliision. By virtue 
of its levity and mobility, whith the kinetic gas iheory attributes to the 
greatvelocityof the gas part icles^ydrogen penetrates porous bodies with 
ease, and diflTuses through both animal and vegetable membranes, as well 
as through gutta-perchu (consul I Air, upon diffusion of gases). Metals, 
e. g., iron, platinum, i>aUadium, jiermit a free pas,sage to hydrogen, when 
they are raised to a red heat. They are impenetrable to other gases (see 
Dissociation of Water). This behavior is in jMirl probably depcndeni ui>on 
the chemical attract! on of these metals for hydrogen. 

Chemical Properties. — Hydrogen is character- 
ized by its ability to burn in the air, when it com- 
bines with the oxygen of the latter and forms 
water ; hence its name hydrogeniiim, due to Lavo- 
isier (from tiatp, water, and ytwdu, I produce). 
Its flame is fa in^ b lue, and almost no n;lu ininous. 
but possesses a very hig h tem perature. When a 
mixture of hydrogen antT^ is ignited a violent 
explosion ensues; therefore, before bringing a 
light in the vicinity of hydrogen disengaged in a 
vessel filled with air, allow the latter to escape 
completely, otherwise the vessel will be shattered 
to pieces by the explosion. 

As hydrogen itself is inflammable, it cannot 
sustain the combustion of other bodies which will 
burn in the air. If a burning candle be introduced into an inverted 
cylinder containing the gas (Fig. 29) the latter will ignite at the mouth 
of the vessel, but the candle will be extinguished. 

Water is the product of the combustion of hydrogen in the air. It is 
a chemical compound containing hydrogen and oxygen. To render the 
formation of it visible, by the combustion of hydrogen, the flame of the 
latter is made to bum under a cold glass jar (Fig. 30). The sides of the 
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latter axe soon covered with moisture, which collects in drops. To avoid 
any deception the hydrogen is first conducted through sulphuric acid or a 
tube filled with calcium chloride, to absorb all moisture. 

At the ordinary temperature hydrogen and oxygen do not react with- 
out the intervention of a third substance. 

The union of hydrogen with oxygen to form water occurs at about 
200" (compare p. 78), if brought in contact with a flame, or by the pas- 
sage of an electric spark through the mixture. The combination can be 
effected at ordinary temperatures with the aid of platinum sponge or pal- 
ladium (platinum sponge, palladium asbestos) ; the platinum sponge con- 
sists of finely divided metal, obtained by the ignition of ammonio- 
platinum chloride (see Platinum). If a stream of hydrogen be directed 
upon a piece of freshly ignited platinum sponge, the gas will at once 
ignite. This is due to the power of the platinum to condense hydrogen 




Fic. 30, 

and oxygen upon its surface, and thereby increase their ability to unite 
(^Dxbereiner lamp'). 

The absorption of hydrogen by the metal palladium is very character- 
istic. ^ already known, water is so decomposed by the electric current 
that hydrogen separates at the electro-negative pole and oxygen at the 
electro -positive-D Now, if a piece of palladium, in sheet or wire form, be 
attached to the electro- negative pole, the disengagement of hydrogen 
does not occur, because it is absorbed by the palladium, in a quantity 
about eight hundred and fifty times the volume of the latter. Palladium 
also absorbs hydrogen when it is heated to 200°, The palladium expands, 
becomes lighter in weight, but retains its metallic apjtearance. Its 
tenacity and power of conducting heat and electricity are but little im- 
paired. The compound of palladium and hydrogen, therefore, conducts 
itself like an alloy of two metals. From the specific gravity of the com- 
pound (according to Graham), the specific gravity of the condensed 
hydrogen is found to be 0.62 (water = i), and is, therefore, somewhat 
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heavier than the metal lithium (compare Palladium). The metals 
potassium and sodium sbsoTb hydrogen when heated from aoo° to 400°, 
forming alloys (NajH, and K(H,) in which the density of hydrogen is 
again equal to 0.63. The experiments of Winkler and of Moissan indi- 
cate that otbei metals also unite with hydrogen; barium, calcium, stron- 
tium, yttrium, lanthanum, cerium, and thorium. These facts prove the 
metallic character of hydrogen, which is also indicated by its ability to 
conduct heat and electricity. Later, we will observe that this element 
displays the character of a metal in its entire chemical deportment, and 
that it must be regarded as a gaseous metal at ordinary temperatures. 



CONDENSATION OP OASES. 
CRITICAL CONDITION. 

Hydrogen and KvenU other gases (oxygen, nitrogen, carbon monoxide, 
methane, nitric oxide), were considered until 1S77 as n on -con den sable — 
permanent gases, inasmuch as all attempts to liquefy (he same were fail- 
ures, notwithstanding Natterer (1853) had employed a pressure of 3,600 
atmospheres for this purpose. These negative results find their explana- 
tion in a general property of gases, first recognized by Andrews (1869), 
and called by him MMi critical condition of matter. (^Tliere is a temperature 
common to all gases, above which they cannot be condensed — this is the 
critical temperature.^ It was first observed with carbon dioxide (see this). 
It can be liquefied at q° under a pressure of 35.4 atmospheres, at r^" 
under 48.9 atmospheres, and at 30" under 73 atmospheres. Again, Cag- 
niard de la Tour (1831) showed that all liquids when heated above a cer- 
tain temperature (the same critical temperature), would be transformed 
into gases (absolute boiling point of Mendelejeff), although they were 
subjected to intense pressure (in sealed tubes). The pressure exerted by 
the gas at the critical temperature (at which it would immediately con- 
dense upon lowering the temperature) is called the critical pressure ; the 
volume occupied by the substance at this time is the critical volume. 

Ad additional interesting fact is the behavior of a liquid when it is 
gradually heat^ under a pressure which exceeds its critical pressure. 
When this is done the temperature can be increased to any extent with- 
out producing a noticeable separation into liquid and gas. At the critical 
temperature the liquid changes to gas without becoming heterogeneous 
and without sudden increase in volume. At the critical temperature and 
pressure the volume of the gas (or saturated vapor) is equal to the volume 
of an equal quantity, by weight, of the liquid. A difference between the 
gaseous and liquid condition no longer exists. 

The critical condition also furnishes us with a criterion for the distinc- 
tion between a gas, in the strictest sense of the word, and a vapor, A 
vapor by increase of pressure with constant temperature may become a 
liquid (or solid), while this is not possible with a gas. A gaseous body 
is, according to this idea, a permanent gas above the critical temperature, 
while below the same it is a condensable vapor. 
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To liquefy gases, we need not only pressure, but also a definite tem- 
perature, and this must be lower than the critical. By this means 
Cailletet and Pictet (1877) succeeded in condensing nearly all the per- 
manent gases. Pictet pursued the method of Faraday, who had con- 
densed various gabes in sealed tubes (see Condensation of Chlorine, p. 51). 
The gases were generated in a powerful iron retort (oxygen from ix>tas- 
sium chlorate ; hydrogen from sodium formate) by the application of heat. 
They were then compressed under their own pressure in a copper tube 
attached to the retort. Solid carbon dioxide surrounded the tube, and 
by its evaporation under the air pump its temperature was reduced to 
— 140°. On opening the stop-cock of the copper tube, the liquefied 
gas escaped in a stream which rapidly evaporated. Cailletet employed a 
capillary glass tube, provided with a reservoir and a pressure pump. 
The strongly compressed gas was cooled by opening a stop-cock and per- 
mitting it to expand suddenly. In its expansion and in overcoming the 
external pressure it performs work and there follows an absorption of an 
appreciable quantity of heat, which is taken from the gas. This causes a 
partial liquefaction of the gas in the form of a dense cloud, or in small 
drops. 

With these facts as a basis Wroblewsky, Olszewsky, and more especially 
Dewar, Linde, and Ramsay have succeeded in condensing and retaining 
all gases in liquid form ; indeed most of them have been solidified. 
Usually Cailletet's method has been pursued, care be taken to thoroughly 
cool the gas before the sudden decrease in pressure occurs (see Hydrogen 
and Air). Pictet's suggestion to strongly chill a greatly condensed gas 
has proved satisfactory for the condensation of several permanent gases 
to liquid form. Carbon dioxide, liquid ethylene, liquid oxygen, and 
nitrogen, which vaporize at slight pressure, have also been employed to 
produce the reduction in temperature. With a pressure of 10 mm. the 
temperature of liquid ethylene is reduced to — 150**, liquid oxygen at 
9 mm. to — 211®, and liquid nitrogen to — 225°. Lower temperatures 
than these, about — 250°, are only attainable by the evaporation of liquid 
hydrogen. 

Liquefied gases can be preserved quite well in Dewar bulbs : open, 
double-walled glass vessels, the intermediate syace of which is a vacuum 
and the inner wall coated on its exterior with a thin layer of mercury. 
The conduction and radiation of heat are thus reduced to a minimum. 

The critical temperatures iT) and critical pressures in atmospheres (P) 
of the gases condensed with difficulty are as follows : 

T P 

Carbon Dioxide, CO, -f 31° 77 atmos. 

Ethylene, C^H^ -f 10** 51 

Nitric Oxide, NO, — 93** 7i 

Marsh Gas, CH^, — 820 55 

Oxygen. 0„ — ilS^ 50 

Carlx)n Monoxide, CO, ...... — 140® 35 

Nitrogen, N,, —146° 35 

Hydrogen, H,, — 220° 15 

Air, — 140° 39 " 

Low temperatures are ascertained by means of a hydrogen or helium 
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thermometer, a thermo-electric element composed of copper and German 
silver, or a platinum resistance (hermomeier. 

The critical temperalure, prenure and volume can be delennmed not only eip«rinienl- 
ally, bul ilsi mmjr be deduced from the variation! of the ssscs from the laws of Boyle and 
Gay-Luuac, by a theory developed by van der Waals (I073I (compare Air: mea<iuremcnt 
of gues). Students i^ chemiitry desiriog more detailed infonnation on tWis subject 
are directed to the works of Ostwald : Gnindriss der allgemeinen Chemie, 3 Aufl. 
1S90, and Lothar Heyec : Chemical Theories, 1S93, and also Oitwald's Lebrbucfa, 
to). I, 389(l89I). 



HALOGEN GROUP. 

Chlorine, bromine, iodine, and fluorine constitute this group. These 
elements show a similar chemical deportment. They ate termed halogens 
or sail producers, because by their direct union with the metals salt-like 
derivatives result. Chlorine, bromine, and iodine will be discussed fir^t 
because of their great importance. 

1. CHLORINE. 

Atom: CI '^ 3545. Molecule: Cli = 7a.9i>. 

It docs not occur free in nature. As it acts very energetically upon 
most bodies containing hydrogen, especially those of an organic nature, 
to form new derivatives with them or with their constittients, chlorine can 
only be obtained free in the transitional state. Its most important deriv- 
ative is sodium chloride, or rock salt, which is composed of chlorine and 
sodium. The Swedish chemist, Schcele, discovered chlorine in 1774- 
It was regarded as a compotind body, until its elementary character was 
established by Gay-Lussac and Th^nard in France (1809), and by Davy 
in England (1810). 

Preparation. — To obtain free chlorine, heat a mixture of black oxide 
of manganese (MnO,) and hydrochloric acid in a flask (Fig- 31), pro- 
vided with a so-called Welter safety-tube to equalize the gas pressure. 
The escaping gaseous chlorine is washed and freed from acid thai is 
carried along mechanically by passing it through water in a three-necked 
Wonlff bottle, and then collecting it over water. The reaction which 
occurs above is indicated in the following equation : 
hqo, -I- 4HC1 = mdci, -(- 3ii,o + a,. 
The manganous chloride formed dissolves in the water. 

At low temperatures the m 
the evolution of chlorine, the 

MnO, + 4HCI = MnCi^ -[- aH.O. 

Chlorine Is expelled on the application of heat : 

Mna,= MBCl,4-ap 



The ecBlulion of Ihe chlorine proceeds more regularly if a miilurc of mangaDese oxide, 
sodium chloride, and sulphuric acid is employed. 

'I'he hydrochloric acid is formed from the lost two (logcther with sodium acid ml- 

NaCI + H,SO, = HCl + NoHSO,, 

and (hen nets upon the manganese peroxide. It is advisable lo use 5 parts of mrnnga- 
nese peroxide (90 per cent.), 11 parts of sodium chloride, and 14 jwrts of cancentraled 
sulphuric acid diluted with 7.5 |>arts of water [Klasoa, Her. 13 (1890), 330]. 

The second metliod is more advantageous for laboratory purposes ; the first (action of 
hydrochloric acid upon manganese dioxide), however, is preferred in practice, as it it 

l^e resulting manganous chloride (MnCI,) is converted by Ac prtetis of WtUai 
into manganese peroxide (see this). 

Other technical methods for the prepamlion of chlorine are based upon the liberation 
of chlorine from hydrochloric acid or metallic chlnrides (particularly calcium chloride aod 
magnesium chloride) by the oxygen of the ajrat elevated temperatures. By-pioducU of 




1. Dfaton-Ilurttr Process: >Iydrochloric acid mixed with air is conducted OTCi 
porous substances saturated with copper chloride or sulphate and heated to 37O-40O''. 
- 2. WeUoH-Peckiney Prectss : Macnesium chloride or OKVchliiride is heated to looo° 
in an air corrent : MsCU + O = MgO H- C\. \ the mngne'sia is reconverted into chlo- 
ride by solution in hydrochloric acid. 

3. Svlvay Preetss: Calcium chloridr or magnewum chloride, mixed with Viator 
day, is heated in an air current: CaCI, f Sit), l O ^ CaDSiO., 4- CI,. 

4. R/ychttr-de Wildr Mfthod : A mixture of magnesium chloride, manganoos chlo- 
ride and niangnnese sulphate is exposeil In air heated to nlHiut 520° until the evolution 
of chlorine ceases, when it is restored by hydrochloric acid to its original condition and 
chlorine again liberated. 

5. Mimd Mflhod: Ammonium chloride vapor is allowed to act upon magnesium 
oxide or other metallic oxides and the pmdiicts are anim<i>iia and metallic chlorides, 
rhc.iiller^rfiyated jo a Wjjb lj™[>^raluty in air wEien chlorine and oxides resulL 
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The clestTolydc decomposition of salt solutions is especially important ; 
indeed it is likely to supplant the other technical processes in the near 
future. The ciurent decomposes sodium chloride (and other metallic 
chlorides) into its components, so that chlorine separates at the positive 
and sodium at the negative pole. The sodium at once acts upon water 
forming sodium hydroxide and hydrogen. This universally important 
process will be again referred to in connection with soda, potassium chlo- 
rate and bleaching lime.* 

An excellent laboratory method for the preparation of chlorine con- 
sists in allowing dilute hydrochloric acid to act upon bleaching lime (see 
this). The latter is previously mixed with burnt gypsum (J^ |>art), and a 
little water added, when the mass can be formed into cubes or stout sticks 
which are introduced into a Kipp generator (p. 4a). 

Very pure chlorine maybe obtained by digesting potassium bichro- 
mate with concentrated hydrochloric acid : 

K,Cr,0, + I4HCI = Cr,Cl, + aKCI + 7H,0 + 3CI,. 

Ai chlorine dissolves readily in cold water it is advisslilc lo collecl it over warm water. 
It cinnol l>e collected over mercury, as it readily combines with Ihe laller. When [lerfeclly 
dry chlorine is sought, conduct the liberated gas (hrnugh Woutif buttles cunlainic); con- 
centrated sulphuric acid, to absorb the miusiure, Ihen collecl in an empty upright Hask. 
As chlorine is 10 much heavier than air it will displace Ihe lalter. 

Physical Properties. — Chlorine is a yellowish-green gas (hence its name 
from ;f J(u/)uc), with a penetrating, suffocating odor. Its si^ecific gravity 
compared with oxygen (O, ^ 31) is 70.9 ; 
with air (= i) it is a. 45. A liter of chlo- 
rine at 0° and 760 mm. pressure at the sea- 
level in the latitude of 45" weighs 3. 167 
grams. At 15° C, andaprcssureof 57 at- 
mospheres (at — 40° C. , under the ordinary 
pressure) it c;andenses to a yellow liquid, 
boiling at — 33^*^ By pressure and cold, 
liquid chlorine has been made applicable 
in technical operations (sec Knietsch, Ann. 
Chem. 359 (1890), tool. The specific 
gravity of liquid chlorine at its boiling 
point is 1.5575. At very low tempera- 
tures it solidifies to a yellow crystalline Fig. 3*. 
mass, which remelts at — loa". The 

criiical temperature of chlorine is 146". and its critical pressure 93.5 
atmospheres. It may be condensed in the following manner as demon- 
strated by Faraday : Take a bent glass tube {Fig. 32), introduce into 
the leg closed at one end crystals of chlorine hydrate (CI, + 8H,0, see 
p. 53), then seal the open end. The limb containing the compound is 




'Compare N. Caro, Darslellung von Chlor und Satislure, Berlin, 1891; also 1 
Mond, GcBchichllicher Ueberfolick der veischiedenen Arten der Ch lord srslel lung, Chen 
iker-Z«i(antf, 1896, 918, and R. Hasenclever, Die Entwickelung der Sodarahrikalioi 
Ber. at (1896), III, 3861. 
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placed in a water-bath ; the other is cooled in snow. Upon heating the 
water a little above 30° the chlorine hydrate is decomposed into water 
and chlorine gas, which condenses to a liquid in the cooled limb. On 
reversing the position of the limbs and cooling the one previously 
warmed, the chlorine distils back and is reabsorbed by the water. ^Char- 
coal saturated with chlorine may be substituted for the chlorine hydrate^ 
One volume of charcoal takes up 200 volumes of chlorine, which are 
disengaged again on heating. 

One volume of water, at 20® C, absorbs 2 volumes of chlorine; at 
10^ C, 2.5 volumes. The aqueous solution is known ^as chlorine water 
{aqua chlorata\ and possesses almost all the properties of the free gas ; it 
is therefore frequently employed for laboratory uses as a substitute for 
chlorine. 

Recent investigations show that chlorine water, by virtue of the action of the chlorine 
upon water, contains hydrochloric and hypochlorous acids, which in turn react upon one 
another with the production of chlorine and water, so that in accordance with the strength 
of the chlorine water and external prevailing conditions equilibrium occurs among theie 
four substances (p. 29). This nuiy be expressed as follows : 

CI, + H,0 ;^ ^ HQ + HCIO. 

The yellow, scale-like crystals of chlorine hydrate (CI, + 8H,0) sepa- 
rate when water saturated with the gas is cooled below 0°. This com- 
pound is regarded as one of chlorine with water. At ordinary tempera- 
tures it decomposes into water and chlorine. 

Chemical Properties, — When thin sheet copper (false gold leaf), or, 
better, pulverized antimony or arsenic, is thrown into a vessel filled with 
dry chlorine, it will burn with a bright light ; a piece of phosphorus will 
also inflame in an atmosphere of the gas. Perfectly dry chlorine does 
not manifest this energetic combination-tendency. 

Chlorine unites just as energetically with hydrogen. A mixture of 
equal volumes of the gases obtained by the electrolysis of hydrochloric acid 
combines in direct sunlight with violent explosion. In diffused sun- 
light the action is only gradual ; in the dark it does not occur if perfectly 
dry gases are employed (Baker). The course of this reaction and the 
laws of the chemical action of light have been ably discussed in a series 
of celebrated papers by Bunsen and Roscoe [Pogg. Ann. d. Physik, Bd. 
100, loi, 108 (1857-1859)]. Chlorine also manifests great affinity for 
hydrogen derivatives, most of them being so decomposed by the chlorine 
that hydrogen is removed from them, and hydrochloric acid is formed. 
Thus water is decomposed, especially in sunlight, by chlorine into hydro- 
chloric acid and oxygen : 

H,0 -f CI, = 21101 -f O. 

If a glass cylinder be filled with and inverted over chlorine water and 
exposed to direct sunlight, a gas will be evolved, and will collect in the 
upi^r portion of the vessel ; this is oxygen. In diffused light the decom- 
position will not l)e so rapid ; it is hastened by heat. Chlorine oxygen 
acids, HCIO, HCIO, fsee above), are also produced. 

Chlorine alters the hydrocarbons, in that it abstracts hydrogen. The 
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reaction is sometimes so violent that carbon is separated in a free condi- 
tion. A piece of tissue paper saturated witli freshly distilled turpentine 
oil, and introduced into a dry chlorine atmosphere, is immediately car- 
bonized. An ignited wax taper immersed in chlorine bums with a smoky 
flame, with separation of carbon. 

The organic dyestuffs (containing carbon and hydrogen) are decolor- 
ized by moist chlorine gas. The same occurs with the dark-blue solutions 
of indigo and litmus; colored flowers are rapidly bleached by it. On this 
principle depends the application of chlorine in bleaching, and the de- 
struction of decaying matter and miasmata in chlorine disinfection are 
dependent upon this reaction (see Bleaching Lime). 
.'U^ ' s.,^ -:■■■:■-.- , i 

The bleaching mction oT chlorine ii 
probably depends on the oiidiiing acti 

the chlorine oxy-acids found when chlorine md water tract (sec p. 52). 'lliii properly, 
free oiygen does nol posiesa ; it does, however, very probably belong to that which is in 
the ace <^ forming,— of becoming free. We will lesni, later, (hat many other elements, 
mt the moment of their birth (in i/aiu muiftu/i), act more cDergcticaliy than when id 
the free conditioD. 

% BROMINE. 

Atom : Br • 79.96. Molccate : Brg " is<>.9i. 

Bromine, the perfect analogue of chlorine, was discovered by Balard, 
in i8j6. It is not found free in nature for the same reasons which 
were given under chlorine. It occurs in sea-water as sodium bromide, 
accompanied by sodium chloride, but in much smaller quantity than the 
latter (especially in the water of the Dead Sea), and in many salt springs, 
as at Kreuznach and in Hall. When sea-water or other salt water is 
evaporated, sodium chloride first separates ;' in the mother liquor, among 
other soluble salts, are found sodium and mag^nesium bromides. Bromine 
is found in greatest abundanceln the upper layers of the rock-salt deposits 
of Stagfurtb . near Magdeburg, where it exists in the form of bromides 
togifiiii with other salts. At present, large quantities of bromine are 
obtained in America. The method of its preparation is similar to that 
employed under chlorine. A mixture of manganese dioxide and sodium 
bromide is warmed with sulphuric acid : 

MdO, -I- aN«Br + aH.SO. = MnSO, -f- N«,SOj -{■ Br, -|- aH.O. 

The bromine condenses in the well-cooled receivers. When free chlo- 
rine is conducted into an aqueous sohition of sodium bromide, bromine 
separates. This is the method adopted at Stassfurth and in America in 
preparing bromine from the magnesium bromide saline liquors : 
MgBr, -f- CI, = MgCl, + Br,. 

Bromine is a heavy, reddish-brown liquid, with an exceedingly pene- 
trating, chlorine-like odor (hence the name Bromine, from pp&noi, stench). 
When bromine is strongly cooled it solidifies to a dark-brown mass, of 
delicate needle s with a sljghtly black metallic luster, which remelt at 
— 7,3°. Liquid bromine ait o** has tlie specificgravity 3. i8(water^ i); 
it is very volatile, forming dark-brown vapors at the ordinary tempera- 
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ture, and boils at about 60°, changing at the same time into a dark 
brown-red vapor. Its density equals 159.9 (oxygen =32), or 5.52 (air 
= 1). 

One part of bromine dissolves in about 35 parts of water of medium 
temperature; it is therefore more soluble in.water than chlorine. Cooled 
below 4° C. , the hydrate (Br, + ioH,0) crystallizes out : this is analogous 
to the chlorine hydrate. It is decomposed at 6.2**. Bromine dissolves 
with ease in alcohol, and especially in ether, chloroform and bisulphide. 

Chemically, bromine is extremely like chlorine, combining directly 
with most metals to form bromides; but it possesses a weaker affinity 
than chlorine, and is liberated by the latter from its compounds. With 
hydrogen it only combines on warming, not in sunlight. Upon hydro- 
carbons it acts like chlorine, withdrawing hydrogen from them. ^Bromine 
water gives starch-paste an orange color j 

Solui bromine is a mixture of liquid bromine with silicious earth. It 
occurs in trade pressed into cubes or sticks and is used for disinfecting 
purposes. Bromine and its salts are applied in medicine, in photography 
and in the manufacture of aniline colors. 



3. IODINE. 

Atom : I SB 126.85. Molecule : 1% a 353.70. 

Iodine, as well as bromine, occurs in combination withsodium, in sea- 
water and some mineral springs, especially at Hall, in Austria, and the 
Adelheit spring in Bavaria. In these springs the iodine can easily be de- 
tected ; in sea-water it is, however, only present in such minute quantity 
that its separation, practically, is disadvantageous. (Sta algae absorb iodine 
compounds from the water, and these are then thrown by the tide on various 
coasts, where they are burned, yielding an ash (known as kelp in Scotland, 
as varec in Normandy) which is the principal source for the manufacture 
of iodine. It was in this ash that the element was accidentally discovered 
by Courtois in 181 1; in 1813, it was investigated by Davy and Gay- 
Lussac, and its elementary character established. To obtain the iodine, 
the ash is treated with water, the solution concentrated, and separated 
from the chlorides of sodium and potassium which have crystallized out, 
the final liquors, in which the readily soluble iodides have accumulated, 
being then distilled with manganese dioxide and sulphuric acid. Iodine, 
therefore, is set free from its compounds in the same manner as chlorine 
and bromine. It is more convenient, however, to pass chlorine (or 
better, nitrous acid) through a solution of the iodides, when all the iodine 
will separate: 

KI 4- CI = KCl -I- 1, 

or the iodide solution is digested with ferric chloride, when the latter is 
reduced to ferrous chloride ; 

Nal -f FeG, = 14- NaCl -f FeCl,. 

The grayish-black powder thus liberated is collected on a filter, dried, 
and then sublimed. 
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In recent years the greatest quantities of iodine have been obtained 
from the mother liquors of crude Chile saltpeter (_NaNO,). The iodine is 
present in this salt as sodium iodate (KalO,), from which it is set free by 
nitrous or sulphurous acid : 

aNalO, + SH,S0, = al + iNsHSO^ + sH.SO, + H,0. 

An interesting occurrence of iodine is that observed by Baumann in 
1895 in theihyroid(thyroidea, from tfu/teti;, shield, and c'du7, form) gland, 
the active constituent of which, containing 9 per cent, of iodine, is mixed 
with milk-sugar and sold in the markets under the name thyroidin. 

Iodine is a gray -black solid, subliming in large rhombic crystals, pos- 
sessing strong metallic luster. It has a peculiar odor, reminding one 
somewhat of that of chlorine; it stains the skin brown, and is corrosive, 
although not as strongly so as bromine. Its specific gravity is 4.95 at 
15°. It fuses at 114° to a dark -brown liquid, and boils near 184.3°, 
passing at the same time into a dark-violet vapor (hence the name Iodine, 
suggested by Gay-Lussac, from httS^t, violet-like). 

The Tapor densitj of iodine emisls 8.7 up to 6cx>" C, (air=^ l) or ^54 (Oj?= 31), cor- 
responding to the molecular weight I, =: ^S3-7- Above 600° the vapor density gradually 
diminislies, and at about 1500° it is only halT the origitial. This is explained by the 
gradual decomposition (see Dissociation of Waler| of (he nonnal diatomic molecule I, 
into the free atoms I + I. In like manner the bromine molecules Bi, suffer a sejiaration 
into the free atoms. The dissociation of bromine vapor (diluted with II volumes of nitro- 
gen) commences at about 1000° and is complete at 1600°. The vapor den^ly of chlorine 
is still nonnal at 1200°. and il is only at 1400° that il sustains a slight diminution. Oxy- 
gen and nitrogen on (he conliuy show no alteration in their vapor density even at 1690'* 
(C. Linger and V. Meyer). 

Iodine is very slightly soluble in water (i : 3600), more readily in 
alcohol ( Ttnetura iodi'), very easily in aqueous potassium iodide, in ether, 
in chloroform and in carbon bisulphide (to c.c. of the latter will dissolve 
1.85 grams of iodine at 18°), the last two assuming a deep red-violet color 
in consequence. It affords a particularly beautiful crysiallization, consist- 
ing of forms of the rhombic system, when it separates from a solution of 
glacial acetic acid. 

In chemical deportment iodine closely resembles bromine and chlorine ; 
it possesses, however, weaker affinities and for this reason is liberated from 
its compounds by those elements. With the metals it usually combines 
only when warmed ; with hydrogen it does not combine directly, and il 
does not remove it from its carbon compounds. 

The deep-blue color it imparls to starch is characteristic of iodine. 
On adding starch-paste to the solution of an iodide, and following this 
with a few drops of chlorine water, the paste will immediately be colored 
a dark blue by the separated iodine. This reaction serves to detect the 
smallest quantity of it. 

Iodine is largely employed in medicine, photography, and in the 
preiKiration of aniline colors. 
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4. FLUORINE. 
Atom : Fl = 19. Molecule : Flj = 38. 

Fluorine has such great affinity for nearly all substances, that despite 
numerous efforts it has only recently been possible to obtain it in a free 
condition. It was Moissan (1886) who electrolyzed anhydrous, strongly 
chilled hydrofluoric acid to which some sodium fluoride had been added, 
and obtained fluorine as a slightly greenish yellow colored gas. The de- 
composing vessel was a platinum tube with stoppers of fluorspar. The 
positive pole, at which the fluorine appeared, consisted of an alloy of 
platinum and iridium. Dewar and Moissan have very recently succeeded 
in liquefying fluorine at — 187° by the use of boiling oxygen as the refrig- 
erating substance. Under these conditions it loses its chemical activity 
almost completely, does not attack glass, iodine, sulphur, or metals. 
It is only the affinity for hydrogen which remains; at least benzene is 
entirely decomposed with production of flame by fluorine. 

Fluorspar (CaFl,) is the most important fluorine derivative. It is most 
frequently employed in the preparation of other fluorine com[X>unds. 

Fluorine combines with hydrogen, iodine, sulphur, silicon, boron, pow- 
dered arsenic and antimony, finely divided iron and manganese even in 
the dark ; organic substances, like oil of turpentine, alcohol and cork 
burn in the gas. The metals, with the exception of gold and platinum, 
are energetically attacked by fluorine. The latter decomposes water with 
the production of hydrofluoric acid and ozonized oxygen, and liberates 
chlorine, bromine and iodine from their metallic derivatives. The 
density of fluorine referred to hydrogen equals 1.32 (1.26 found). 

These four elements, fluorine, chlorine, bromine and iodine, exhibit 
gradual differences in their properties f and, what is remarkable, this gra- 
dation stands in direct relation to the specific gravity of the elements in 
the state of gas or vapor. 



Specific gravity, 



Fl 
19 



CI 
3545 



Br 
79.96 



126.85 



A simultaneous condensation of matter occurs with the increase of spe* 
cificgravity. This expresses itself in the diminished volatility. Fluorine 
is a gas down to — 187** ; chlorine can readily be condensed to a liquid ; 
bromide is a liquid at ordinary temperatures, and iodine is a solid. 
Other physical properties, as seen in the following table, are also in 
accord with the preceding: 



Fusing point, .... 
Boiling point, .... 
Specific gravity in liquid 

or solid condition. 
Color, 



Fluorink. 



-1870 (?) 
1. 14 



Green -yel- 
low 



Chlorine. 



— 102" 

— 33"" 
1.47 

• • • < 

Yellow- 
green 



Bromine. 



— 72® 

-f6oo 

3.18 

• • • • 

Brown 



lODINB. 



4 114** 
4- 184** 

• • • « 

495 
Black- 
violet 
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Just such B gradatioD, as we have seen, is observed in the chemical 
affinities of these four elemenis for the metals and hydrogen ; fluorine is 
the most energetic, iodine the least. Iodine is therefore sejuiraied from 
its soluble metallic and hydrogen compounds by the other three, bromine 
by chlorine and fluorine, and chlorine by fluorine (p. 56). We shall dis- 
cover, later, that the halogens are displaced in exactly the reverse order 
of their oxygen compounds; that iodine has the greatest and chlorine the 
feeblest affinity for oxygen. Oxygen derivatives of fluorine are not 
known. 



COMPOUNDS OF THE HALOGENS WITH 
HYDROGEN. 

The halogens form gaseous acids, readily soluble in water, with hydro- 
gen : the halogen hydrides or haloid acids. But one such compound is 
known for each halogen. 

1. HYDROOBN CHLORIDE. 

HCl - 364s. 

' The direct union of chlorine with hydrogen takes place through the 
agency of heat, and by the action of direct sunlight or other chemically 
active rays (magnesium light); in diff'used light the action is only 
gradual, and does not occur at all in the dark. When both gases are 
]>erfecily dry they do not react in direct sunlight. (Ou introducing a 
flame of hydrogen ignited in the air into a cylinder filled with chlorine 
it will continue to burn in the latter with the production of hydrogen 
chlorideT) The opposite, the combustion of chlorine in an atmosphere of 
hydrogen, may be shown easily by the following experiment : An 
inverted cylinder is filled with hydrogen by displacement, the gas is 
ignited at the mouth, and a tube immediately introduced which will con- 
duct dry chlorine into the cylinder. The burning hydrogen will inflame 
the chlorine, which will continue to burn in the former. From these 
experiments, we perceive that combustion is a. phenomenon which ac- 
companies a chemical change; in this instance the union of hydrogen 
with chlorine; if hydrogen is combustible in chlorine (or air), so, 
inversely, is chlorine (or air) combustible in hydrogen for the same 
reason. (^By the term combustion, in chemistry, is understood every 
chemical union of a body with a gas, which is accompanied by the phe- 
nomenon of light]) 

A mixture of equal volumes of chlorine and hydrogen is called f/i/tv- 
delonaling gas ; it explodes with very great violence under the conditions 
given above for the union of the gases. The product is gaseous hydrogen 
chloride. 

The formation of the latter compound succeeds best by allowing sul* 



phuric acid to act upon sodium chloride when solid sodium bisulphatc 
and hydrogen chloride gas will result : 

N«a + H,SO( = NaHSOj + HQ. 

Pour over ; parts sndium chloride, 9 parts of concentraEcd sulphuric add, dilated with 
water (2 puts), and gently warm the tlask on a sand-bath (Fig. 33). The eacapii^ 
hydrogen chloiide is conducted through a WoulfT bollle containing sutphnric mdd or 
through the cylinder B (filled with pumice-stoDe saturated with sulphuric add}, iatended 
to free it from all moisture, and afterward collected over mercury in the cylinder C, 

At a red heat, the acid sodium sulphate reacts anew upon tlie sodium chloride with the 
formation of neutrsl sodium sulphate and hydrochloric acid : 

NaHSO, + NaCl = HQ + Na,SO.. 




Fig. 33- 

replaced by the eleclrotylic method, in which not hydrochloric acid, but chlorine is evolTcd, 
it seems vecy important that the latter should be coitverted by some convenient procedure 
into hydrochloric acid, always of the greatest impnrtnnce technically. Loreri conteads 
that this may be accomplished by conducting the chlorine together with stenm over ignited 
coke,'when the chief products will be hydrochloric acid and carbon dioxide (CO,) : 

iCI, + 3H,0 + C = 4nCl + CO,. 

[Compare Ber. 30 (1897), I, 347]. 

The su^e-ition of Davy lo allow sulphuric acid to act upon pieces of aiDmoniom 
chloride will give a regular current of hydrogen chloride : 

NH.CI + H,SO, = (NH.)HSO,+ HO. 

A Norblad generator as modified by ICrcussler [Fig. 34) answeis well for Ibis 
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Physical Properties. — Hydrogen chloride is a colorless gas, with a 
sufTocating odor. Id moist air it forms dense clouds as it combines with 
the aqueous vapor to form hydrochloric acid. Its critical temperature is 
about +5*-3''> ""^ t*"^ critical pressure 86 atmospheres, i. e., for its con- 
densatioD at the temperature jtist given it requires a pressure of 86 atmos- 
pheres. There is no pressure which will condense it 
above this temperature. Liquid hydrogen chloride is 
colorless, has a specific gravity at 15° of o 83, and freezes 
at — 115-7° to a white crystalline mass, which begins 
to melt at — 113.5". ^* boils at — 80.3" under the 
ordinary pressure. 

The specific gravity (density) of the gas ia 36.46 (O, ^ 
33), or 1.36 (air = i). Oneliterof it weighs 1.6385 grams 
at 0°, 760 mm. pressure, in latitude 45° and at sea-level. 

Hydrogen chloride possesses an acid tasie, and colors 
in the presence of water blue litmus-paper red ; it is, 
therefore, an acid, and has received the name hydro- 
chloric acid gas. Itdissolves very readily in water, and 
on that account cannot be collected over it. One volume 
of water at 0° C. and 760 mm. pressure dissolves 505 
volumes, and at ordinary temperatures about 450 volumes 
of the gas. At higher pressure water dissolves more 
hydrochloric acid, and at low pressures less (compare 
Carbon Dioxide, and also Solutions). This great solu- 
bility is very nicely illustrated by filling a long glass 
cylinder with the gas and then just dipping its open end 
into water; the latter rushes up into the vessel rapidly (as 
into a vacuum), as it quickly absorbs the gas. The aque- Fic 34. 

ous solution of hydrogen chloride is commonly known 
as muriatic or hydrochloric acid (^Acidum hydroMoricum). For its prep- 
aration the gas is passed through a series of Woulff bottles (Fig. 35) con- 
taining water. The small bottle B, in which there is but little water, 
serves to wash the gas— free it of any mechanically admixed sulphuric 
acid. The same apparatus may be employed in the manufacture of chlor- 
ine water, and is generally used in the saturation of liquids with gases. 

A solution saturated at 15° C, contains about 41.9 per cent, hydrogen 
chloride, has a specific gravity of 1.3 is, and fumes in the air. On the 
application of heat, the gas again escapes, and the temperature of the 
liquid rises to no" C, when a liquid distils over, containing 30.34 P*"" 
cent, of hydrogen chloride, having a specific gravity of 1. 104 and corre- 
sponds approximately to the formula HCl -|- 8H,0. The composition of 
the distillate varies somewhat with the pressure. A dilute acid, upon 
distillation, loses water, until finally that boiling at 110° C. passes over. 
On conducting hydrogen chloride into concentrated hydrochloric acid 
cooled to — 33", crystals of the formula HCl -f 3H,0 separate; these 
fbse at — 18" and then decompose. 

Hydrochloric acid finds an extensive industrial application, and is 
obtained in large quantities, as a by-product, in the soda manufacture 
(Le Blanc process). 
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Chemical Properties of Hydrogen Chloride. — Acids — Bases — Sa/is. — 
Hydrogen chloride is a very stable compound ; it is only beyond 1500** 
that it sustains a partial decomposition (see Dissociation of Water). Its 
composition is readily established quantitatively in the following way: 
Pass hydrochloric acid gas over a piece of sodium or potassium heated in 
a glass tube, and hydrogen will escape from the latter: 2Na -f 2HC1 = 
2NaCl -f- Hj. If, on the other hand, manganese peroxide be heated in 
it, chlorine will be disengaged : MnO, + 4HCI = MnCl, -f 2H,0 + CI,. 
If the electric current be allowed to act upon an aqueous solution of 
hydrochloric acid the latter will be decomposed so that chlorine separates 
at the electro-positive and hydrogen at the electro-negative pole (p. 77). 
Hydrogen chloride, as well as its solution, possesses all the properties of 




Fig. 35. 

acidsy and can well figure as a prototype of these; it tastes intensely sour, 
reddens blue litmus-paper, and saturates the bases (oxides and hydrox- 
ides, /. e y which bodies impart a blue color to red litmus-|)aper) form- 
ing chlorides. There are some bases, the alkalies and alkaline earths, 
which are soluble in water. These solutions react basic, alkaline, 1. e.y 
red litmus is colored blue by them. If we add hydrochloric acid to a 
solution of a base, e. g., sodium hydroxide, until the reaction is neutral, 
we will obtain (besides water) a neutral compound — sodium chloride, 
which remains in a crystalline form when the solution is evaporated: 



NaOH -f- HCI = NaCl -f H,0. 
Sodium Sodium 

hydroxide. chloride. 



>UIDE. 6 1 

Hydrogen bromide, iodide and fluoride deport themselves similarly to 
hydrogen chloride. These halogen compounds of hydrogen are termed 
kaloidacids, to distinguish them from those which, in addition to hydrogen, 
contain oxygen, hence called nxv^ranfiiilr. The latter conduct themselves 
hke the former, and saturate biues, forming salts and water : 

KOH + HNO, = KNO, + H,0. 
PDUislum Nitric Potassium Wal«. 
bydroilde. acid. niiraic. 

Iq the same manner the acids act upon the basic oxides, to form salts 
and water : 

ZnO + allCl = ZnCI, + H,0. 

Zinc Zinc 

oKid«. chloride. 

ZnO + 3HNO, = Zn{NO,), + H,0. 

oiidc nllnle. 

Usually when acids act upon metals, the hydrogen of the former is 
directly displaced ; salu and free hydrogen are produced. Thus, by the 
action of hydrochloric acid upon sodium, its chloride and hydrogen 
result : 

Ha+JJa = Naa + H; 

and when zinc and hydrochloric acid react, zinc chloride and water 
(see p. 41) : 

aHCl + Zn = ZnCl, + H,. 

From the examples cited it is manifest that acids are hydrogen com- 
pounds which yield tails, by the replacement of their hydrogen by metals 
(by the action of metallic oxides, hydroxides, and by the free metals). 
The metallic oxides and hydroxides like- sodium hydroxide, capable of 
forming water and salts by the saturation of acids, are called bases. 
Finally, by the term salts, we understand such comi>ounds as are analogous 
to sodium chloride, and are formed by the mutual action of bases and 
acids with the exit of water. Salts are distinguished as haloid sails and 
oxygen salts. The first have no oxygen, and arise in the direct union of 
the halogens with the metals: 

N« + CI = N«a. 
Zn+CI, = ZnCI,. 



S. HYDROQBN BROUIDE. 

HBt-Bo.97. 
Hydrogen bromide is perfectly similar to the corresponding chlorine 
compound. As there is but slight affinity between bromine and hydrogen 
their direct union will only occur at a red heat or in the presence of 
platinum sponge (see p. 46). Like hydrogen chloride, hydrogen bro- 
mide can be obtained by the action of some acids, e. g , phoqihoric acid, 
upon bromides; concentrated sulphuric acid would not answer as the re- 
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suiting hydrogen bromide is again partly decomposed by it. Ordinarily 
it is prepared by the action of phosphorus tribromide upon water : 

PBr, + 3H,0 = H,PO, + sHBr. 

Phosphorus Phosphorous 

tribromide. acid. 

Place water (i part) in a flask (Fig. 36), gradually admit through the 
funnel, supplied with a stop-cock, the liquid phosphorus tribromide (3 
parts), and warm gently. The escaping gas is collected over mercury or 
conducted into water. To free it perfectly from accompanying phos- 
phorus bromide vapors it is passed through water (the U-shaped tube in 
Fig. 36 contains pieces of pumice-stone or glass beads, which are moist- 
ened with water). 

Instead of employing prepared phosphorus bromide, we may let bromine Tapon act 

upon (red) phosphorus. This may be dooe 
by pouring water ( 2 parts) over the phos- 
phorus placed in a nask ; Bromine (10 puts) 
is added gradually while cooling and heat is 
then applied. To free the hydrogen bro- 
mide gas from the bromine carried along 
mechanically, conduct it through a tabe 
containing glass wool and moist red phos- 
phorus. 

Gaseous hydrobromic add can also be 
prepared by allowing bromine to act upon 
crude anthracene. The resulting hydro- 
bromic acid gas is freed from the accom- 
panying bromine by passing it through a 
tube filled with anthracene. 

To obtain an aqueous solution of the 
gas, pour 15 parts of water over I part of 
red phosphorus, and then add bromine (10 
parts) drop by drop. Finally the solution 
is heated, filtered, and distilled. Bromides 
(sodium bromide, potassium bromide) jrield 
hydrogen bromide by distillation with dilute 
Fig. 36. sulphuric acid in the presenceof phosphorus. 

Hydrogen bromide is a colorless gas, fuming strongly in the air. 
Under great pressure it is condensed to a liquid, solidifying at — 120®, 
melting at — 87**, and boiling at — 73°. Its density is 80.97 (O, = 32) or 
2.79 (air = i). 

In water the gas is very readily soluble, its solution saturated at o^ 
having a specific gravity of 1.78, and containing 82 per cent, of hydro- 
gen bromide. Its composition closely approximates the formula HBr -j- 
HjO ; at 15** it contains 49.8 per cent, of acid and has the specific gravity 
1.5 15. At 125® a solution distils over, containing 48.2 per cent, of hy- 
drogen bromide; its composition corresponds very nearly to the formula 
HBr-fsHjO; its specific gravity is 1.49 at 14® C. 

On conducting hydrogen bromide into a solution of the same cooled 
to — 20°, crystals of the formula HBr -|- 2H2O separate and melt at 
— 1 1**. Chemically, hydrogen bromide is the perfect analogue of hydro- 
gen chloride ; it is, however, less stable, and suffers a partial decomposi- 
tion at 800** C. 
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3. HYDROGEN IODIDE. 

HI - 117.86. 
The attraction of iodine for hydrogen is very slight. The two elements 
combine at higher temperatures, between 400 and 500°, very incom- 
pletely with one another, because at this point hydrogen iodide is 
]>artly resolved into its elements (see below). Their union is more 
complete if both elements, in the form of vapor, are conducted over 
heated platinum sjxinge. It cannot be obtained by acting upon iodides 
withsulphuric acid, because the resulting hydrogen iodide decomposes 
more easily than the bromide. It is formeid, however, similarly to the 
latter, by acting on phosphorus iodide with water : 
PI, + 3H,0 = H,PO, + 3 HI. 

A more coDTcsient procedure consists in adding ij parts of iodine (10 which 10 pans 
of water h«ic been added) graddallj and while cooling to a miilurc of one part of red 
phosphorus and four parts of water, and then gently heat (he same ; or allow an emul- 
sion of red phosphorus IS parts) with walcr (lo parls) to flow gradunily and at first very 
slowly upon iodine (loo parts) mcrislened with water (to parts) (lAlhar Meyer, Ber. ao 
(1S87), 33S1I. Hydrogen iodide prepared in this way is invariably contaminaled with 
phosphorus compounds. (/The pure gas can only be made by the method mentioned 
above : by conducting iodltie vapor and hydrogen over heated platinum sponge.^ Wafer 
is then saturated with the escaping gas and on heating this fuming hydriodic acid a steady 
cnnent of hydrogen iodide is easily obtained. It is dried by passing it over phosphorus 
pentoiide. (See Bodenstein, Zeit, f. phys. Ch. 13 (1894), S9) 

Another method of obtaining aqueous hydrogen iodide consists in 
passing hydrogen sulphide into water to which finely pulverized iodine 
is added, as long as decolorization occurs : 

H,S + 1, = aHI + S. 

Filter oiT the separated sulphur and distil the liquid. Dry iodine and 
dry hydrogen sulphide do not react upon one another. 

Hydrogen iodide is a colorless ga.s; it fumes strongly in the air; its 
density is 128 (0,^^32) or 4.4 (air:^ i). Under a pressure of 4 atmos- 
pheres (at 0°) it is condensed to a liquid which boils at — 34°-* It 
solidifies at lower temperatures and remelts at — 51°. It is easily soluble 
in water, 1 volume of the latter dissolving 450 volumes of the gas at 10°. 
The solution saturated at 0° C, has a specific gravity of 1.99, and fumes 
strongly in the air. If the solution be heated hydrogen iodide is ex- 
pelled, the temperature rises and at 136° a solution of 1.70 specific gravity, 
containing 57 per cent, of hydrogen iodide, distils over. Its composi- 
tion corresponds closely to the formula HI -f sH,0. 

Hydrogen iodide is a rather unstable comjwund. Its decomposition 
takes place at all temperatures at which it exists as a gas; ibe speed of Its 
disintegration increases rapidly with the temperature. While only the 
two-thousandth part of the hydrogen iodide se|)araies into hydrogen and 
iodine in ninety days at a temperature of 100°, almost one-fourth of it 
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will be decomposed in fifteen minutes at 518**, and the maximum decom- 
position for this temperature will then have been attained (see Dissoci- 
ation of Water). At high temperatures oxygen decomposes into water 

and iodine : 

2HI + O = H,0 + I,. 

On bringing a flame near the mouth of a vessel containing a mixture 
of hydrogen iodide and oxygen, violet iodine vapors will be liberated. 
The same will be noticed when fuming nitric acid is dropped into a vessel 
containing the gas; in this reaction the oxygen of the acid oxidizes the 
hydrogen and liberates iodine. The nitric acid breaks down into com- 
pounds containing less oxygen. All oxidizing bodies behave in the same 
way ; the hydrogen iodide abstracts their oxygen and reduces them. The 
same fact is noticed with concentrated sulphuric acid when the attempt is 
made to apply it in liberating hydrogen iodide from an iodide. The 
oxygen of the air gradually decomposes aqueous hydrogen iodide at the 
ordinary temperature, and especially in sunlight. The solution, at first 
colorless, becomes brown, owing to separation of iodine, which in the 
beginning dissolves; subsequently, however, it se|)arates in beautiful 
crystals. 

At ordinary temperatures mercury and silver decompose hydrogen 
iodide, with separation of hydrogen: 

2HI + 2Ag = 2AgI -f H,. 

Chlorine and bromine liberate iodine from hydrogen iodide (see 

P- 54). 

This compound is employed as a powerful reducing agent in laboratory 
work. 

4. HYDROGEN FLUORIDE. 

HFl = 20.01. 

It is obtained, like hydrogen chloride, by decomposing fluorides with 
sulphuric acid. Finely pulverized fluors-par (CaFl,) is mixed with con- 
centrated sulphuric acid and heated gently : 

CaFl, + HjSO^ = CaSO^ -f 2HFI. 
Calcium Calcium 

fluoride. sulphate. 

The Operation is executed in a lead or platinum retort, as the hydrogen 
fluoride attacks glass and most of the metals. The escaping gas is con- 
ducted into water. To get perfectly anhydrous hydrogen fluoride, heat 
hydrogen potassium fluoride, which then decomposes according to the 
following equation : 

IIKFl, = KH -f HFl. 

Anhydrous hydrogen fluoride is a colorless, very mobile liquid, fuming 
strongly in the air, and attracting moisture with avidity; it boils at 
+ 19.4° C, and has a specific gravity of 0.98 at 12°. To recondense 
the gas it must be cooled to — 20°. Hydrogen fluoride solidifies at 
— 102.5° ^"^ remelts at — 92. 5**. 
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The gudeiuityor hTdrogcnflouri<le oqiuli 10.01 (O, — 33) at 100°, corresponding lo 
the iDolecuUr formula H Fl. At 30% however, it is twice u large, ctjualmK 40. ll fol- 
lows, therefore, that the molecules of the gas at the latter lemperalure correspond lo the 
fonnula H,F1,, and coniist of Iwo chemical moleculci of IlKl (compare An«nic Tri- 

The coDccntraled aqueous solution fumes in the air; wlien healed, 
hydrogen fluoride escapes; the boiling temperature increases regularly 
and becomes constant at i3o°, when a solution distils over, the s[>ecific 
gravity of which is 1.15, and its percentage of hydrogen fluoride is 35.3. 
The vapon as well as the solution are poisonous, extremely corrosive, 
and produce painful wounds upon the skin. 

Hydrofluoric acid dissolves all the metals, excepting lead, gold and 
platimim, to form fluorides. It decomposes all oxides, even the anhy- 
drides of boric and silicic acids, which it dissolves to form boron and 
silicon fluorides. Glass, a silicate, is also acted upon ; hence the use of 
the acid for etching this substance (compare Silicon Fluoride). To do 
this, coat the glass with a thin layer of wax or paraffin, draw any figure 
upon it with a pin, and then expose it to the action of the gaseous or 
liquid hydrogen fluoride. The exposed portions appear etched ; gaseous 
hydrogen fluoride furnishes a dim, and liquid hydrogen fluoride a smooth, 
Iran5])srent etching. 

Vessels of lead, platinum, or caoutchouc ar^ employed for the preser- 
vation of hydrofluoric acid, as they are not affected by it. 



These halogen derivatives of hydrogen show great resemblance to one 
another. At ordinary temperatures they form strongly smelling and 
fuming gases, which can be easily condensed to liquids. Their fuming 
in moist air is due to the fact that they are dissolved by the water 
vapor and the resulting solutions appear as a cloud consisting of very 
minute drops. Being readily soluble in water, they are only partly ex- 
pelled from their saturated solutions by boiling; solutions of definite 
composition distil over, but these cannot be regarded as definite chemical 
combinations of the halogen hydrides with water, because their com- 
position depends upon the pressure at which they are boiled (Roscoe). 

As acids they neutralize the bases and form haloid salts, which also re- 
sult by the direct union of the halogens with metals. 

The densities of the halogen hydrides exhibit a gradation similar to 
that of the densities of the halogens (p. 56) : 

HF1 HO HBr HI 

Denntiei, 20.ot 36.46 80.97 117.86 

The diflierence in chemical deportment corresponds to this gradation. 
Hydrogen fluoride is the most stable, and acts most energetically ; fluo- 
rine unites in the dark with hydrogen ; chlorine combines with it in sun- 
light, while bromine and iodine require higher temperatures fur their com- 
bination with it. On the other hand, hydrogen iodide is decomposed at a 
gentle heat (iSo**), into its constituents ; the more stable hydrogen bro- 
mide a* 800", while hydrogen chloride remains unaltered up to 1500" C. 
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Corresponding to this we have the very energetic action of fluorine, and 

the tolerably ready action of chlorine upon water, oxygen separating at 

the same time : 

H,0 + CI, = 21101 -h O. 

Iodine does not act upon water. The opposite reaction occurs : oxygen 
decomposes hydrogen iodide into water and iodine : 

2HI + O = H,0 + I,. 

Bromine occupies an intermediate position between chlorine and 
iodine; in dilute aqueous solution it decomposes water into hydrogen 
bromide and oxygen, while a concentrated solution of hydrogen bromide, 
on the contrary, is partly decomposed by oxygen into water and free 
bromine. 

From all the above it is evident that the affinity of fluorine for hydrogen 
is the greatest; then follow chlorine and bromine, and finally, as the 
least energetic element, we have iodine (see p. 57). Fluorine holds 
an exceptional position with the other halogens in that its hydride is a 
liquid at the ordinary temperature, and many of its metallic derivatives 
show a solubility directly opposite to that of the metallic chlorides, bro- 
mides, and iodides. This will be discussed later. 



THERMO-CHBMICAL DEPORTMENT OF THE HALOGENS. 

The quantities of heat, disengaged or absorbed in chemical reactions, 
afford the most satisfactory explanations of the deportment of the 
halogens with hydrogen, and indeed of all the chemical elements and 
compounds toward one another. These heat changes are also called 
positive and negative thermal values (Jieat modulus) (see p. 30). 

The quantities of heat are estimated in heat units or calorirs. The Quantity of hert 
required to raise one gram of water i^ C. from 15^ (measured with an air-thermoineter), is 
taken as the heat unit (small calorie), or a thousand times this quantity can be taken; 
then it would be the quantity of heat needed to raise 1 kilogram of water from 15^ to l6^ 
(large calorie, Cal.). I^rge calories will be used in the following pages. (See ftutherp 
Nemst, Theoretische Chemie, 2 Aufl. (1898), 10.) 

To obtain data that may be easily compared, the quantities of heat are 
referred to quantities in grams corresponding to the atomic or molecular 
weights of the elements entering into combination. Thus, in the union 
of 19 grams of fluorine (Fl = 19) with i.oi grams of hydrogen (H = i.oi) 
to form 20.01 grams of hydrogen fluoride (HFl = 20.01), 37.6 Cal. are set 
free, and in the formation of 36.46 grams of hydrogen chloride (HCl = 
36.46) from its elements 22.0 Cal. When 79.96 grams of bromine 
(Br = 79.96) combine with i.oi grams of hydrogen to form hydrogen 
bromide 8.4 Cal. are developed, while in the formation of 127.86 grams 
of hydrogen iodide from solid iodine and hydrogen 6.0 Cal. are ab- 
sorbed, but with iodine vapor and hydrogen only 1.5 Cal. (4.5 Cal. being 
required for the vaporization of the given amount of iodine). 
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Thii maj be eipKMed tocOTding lo the method of J. Thoouen, u follows : 

(H.FI) = +37.6 C«l. ; (II.CI) = +aa,0 C«l.i (H,Bt) = +8.4 Cal.; 

(H,l)=-i.5C«l. 

The fint ibree (MCtMu, in which heal is liberated, ue txeihfrmU, while the heat- 
■bsorhing; cooibination of iodine witb hydrogeD represents an tndathtrmic reaction (sec 
p. JO). The eneigf-coDttDl of hydrogen fluoridF, chloride and brumide is less, and that 
of hydrogen iodide Krealer than that of theic components. 

The quantity al heat disengaged in ■ combinilion must not be regarded as ■ measure 
of the chemical affiiiitr. Aa the elements with few eiceptioos : see argon, helium, mei- 
cury, and cadmium — do not exist as free atoms, but as molecules these require a definite 
quantity of beat to decompose them into atoms before they can enter into chemical reaC' 
tion. This neceuiUles a definite amount of work {addition of energy). The union of 
chlorine witb hydrogen proceed* according to the molecular equation (p. ^t) : 

HH+aa = aHa 

The beat here disengaged (1 X >3-o ~ 44-0 Cal.) n tbe algebraic sum of the follow- 
ing unknown ibermal *uaes: (l) — zCal., required for tbe decomposition of the hydro- 
gen molecule into free atoms; (3] — y Cal., consumed in tbe decomposition of the chlorine 
molecule ; (3) -f z Cal., liberated in the fonnidon of hydrogen chloride from the free 
chlorine andnydnigen atoms; hence i — z — y^44.o, 1. 1., Qa theimal value is deduced 
from the three unknown values. 

It is rery probable that the unnn of the free atoms always occurs with heat -disengage- 
ment, and the heat-absorption, observed it) many chemical changes, is lo be credited lo 
the decomposittaiu to which attention has been directed. In ihe formation nf hydrogen 
iodide, (or example, the sum of — x and — y is very probably greater than i. 

The greater the heat tleveloped in a reaction, the more energetically 
and the more readily will it occur, and in general, the resulting com- 

■ pounds will be the more stable (compare p. 65, Behavior of the 
- Halogen Hydrides). The energetic reactions, those which are sccompa- 

■ nied by very appreciable evolution of heat, must be viewed as transitions 
• of systems from a state of comparative instability to one of greater per- 
manency. The opposite occurs if the chemical change only takes place 
upon the addition of external energy. The compound then produced 

J passes very readily into the original and more stable system- In this 
~ sense the principle of greatest heat'development is true (p. 31). 

In this way it can be understood from the thermal values of the halogen 

a hydrides why it is that iodine is displaced by the other halogens, bromine 

by chlorine and fluorine and chlorine by fluorine from their hydrides and 

their metallic derivatives — corresponding to the following thermo-chem- 

^' ical equations; 

= HI +a=Ha-f-I . . .(+a8Cal.) 

^ (-6.0) («.o) 

HBrfa = Ha + Br. . . (+13.6 Cal.) 
1 (8.4) (MO) 

Ha+Fl=HFI + a . . .(+IS.6Cal.) 
3 (ai.o) (37.6) 

a 

ti The Ibenno-i^iemical sign of a reaction is obtained by deducting from the heat of 
. formation of the products tbat of those reacting. 

The reactiotis do not proceed wholly in the sense indicated. They are limited by 
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HBr -|- CI. And it must therefore be assumed from this equation that when chlorine 
acts upon hydrobromic acid a portion of the bromine liberated will transpose itself with 
the hydrogen chloride which has been formed : the reaction reverses itself, is retrogres- 
sive. To what extent this happens, to what degree of divisions these reactions, occurring 
simultaneously but proceeding in opposite directions, will go, depends upon the uatnie 
of the reacting bodies, the ratios of their quantities in unit volume, the tempermture, the 
time, the pressure ; and finally a state of equilibrium will be developed. Tlie retrpgits- 
sive reaction very frequently advances so slowly, consequently amounts to so little, that 
it may appear as if it actually did not occur at all. 

These facts demonstrate that Herthelot's principle of the greatest heat development is 
not universally correct although it often indicates the direction in which a tnmsformatioD 
occurs easily and completely. As an argument favoring this we have the diflferent decom- 
posability of the gaseous halogen hydrides by oxygen, taking into consideration, of course, 
the heat of formation of water. For aqueous vai>or this is 57.2 Cal., while for the liquid 
it is 68.3 Cat. The union of I gram of hydrogen with 8 grams of oxygen is attended 

with a thermal value of ^^■- = 28.6 Cal., which is greater than that of hydrogen chloride, 

bromide or iodide but less than that of hydrogen fluoride. Consequently, oxygen should 
displace chlorine, bromine and iodine but not fluorine from their respective hydrides, and 
this takes place the more readily the greater the difference in the heat of formation. 

In fact, we observed (p. 64) that when a flame, or some glowing substance, was brought 
in contact with a mixture of hydrogen iodide and oxygen, all the iodine was separalcd in 
the form of vapor, in accordance with the following equation : 

2HI -f O = H,0 (vapor) -f 2I . . . (-I-69.2 Cal.) 

Oxygen also liberates bromine from hydrogen bromide at a temperature of about 500^ 
(neither hydrogen bromide nor water sufler dissociation at this temperature). Aqucooi 
vapor is also produced. Hydrogen chloride, however, is only partially decomposed hj 
oxygen even at higher temperatures. 

Further, in accordance with this idea, in a mixture of chlorine, hydrogen and oxygen, 
the hydrogen will first unite with chlorine and if any remain then with oxygen, although 
the heat of formation of water (Il2,0) = 57.2 Cal. is greater than that of hydrogen 
chloride (G^,H,) =44.0 Cal. For a more exhaustive study of thermo-chemical relations 
the student is referred to H. Jahn*s GrundsAtze der Thermochemie (2 Aufl. Wien, 1892), 
and also to the works of Ostwald and of Nemst (see pp. 49, 66). 



COMPOUNDS OF THE HALOGENS WITH ONE 

ANOTHER. 

These compounds, formed by the union of the halogens with one 
another, are very unstable, and it may be remarked here, that this is also 
true of most derivatives obtained from elements which are chemically 
similar. 

When chlorine is conducted over dry iodine, the latter being in excess, 
iodine monochloride results, and when the chlorine is in excess, iodine 
trichloride is formed. 

Iodine Monochloride — ICl— is a red crystalline mass, fusing at 24.7°, and distinin|r 
a little above 100°. Water decomposes it easily, with fonnation of iodic acid, iodine, 
and hydrogen chloride. If fused iodine cliloride be allowed to solidify slowly at a low 
temperature ( — 10°) a modification, melting at 4 14°, is produced. The latter, howerer, 
reverts very readily, with heat evolution, to the higher melting body. 
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lodiDC Trichlorido — Id, — ii fonned upon mixing iodic acid wilb concentrated 
hydrochlDric add, utd by tbe (ctko of pho«|>bonu pentachlocide upon iodic >nhydrkle. 
It crystalliies in long, fellow needles, and. when hemlcd. sulTcisdecoDi|xisilk>o into iodine 
chloride *nd chlorine (at OTdinaiy pressure, the dissociation conunencci at 35°). It dis' 
solves in a little water without ■Iteration ; but large quantities cauie partial decomposi- 
tion, wilb formation of iodic and hydrochloric acids. 

Iodine Bromide — IBr— obtained by the direct anion of the elements, consists of 
iodine-like crystals, fusing at about 36". 

Iodine Pentafltioride — IFL — is produced by the actioaof iodine upon lilver fluoride, 

' ' gly juming III * 



aad forms a colorless, strooglj fiuning liquid. 



In the pTeceding pages several different and independent methods have 
been described for the preparation of each of the halogen hydrides. But 
it is immaterial which of these may be selected in making any of these 
compounds, for if the product be carefully purified and then analyzed the 
hydrogen and the halogen will always be present in a definite, unalterable 
proportion by weight. The percentage composition of the pure halogen 
hydrides will be found under all circumstances to be the following : 

H 5.05 H 2.77 H i.js H 0.79 
Fl 94.95 CI 97.13 ■ Br 98.7s I 99-31 



A regularity exists here, which prevails in all chemical compounds. 
For it is not alone in the halogen hydrides, but without exception(f«( 
every chemical eombination thai the ecnstituents occur in definitt unalter- 
able proportion! by weighl\ This observation ascertained by experiment 
and based upon facts has oeen called the law of dffinite or eoniiant pro- 
portions. From the period in which the French chemist Louis Proust 
victoriously defended it against the attack of his countryman Claude 
Louis Bcrthollet, the great theorist, in a remarkable controversy waged 
from 1799-1807, down to the present no fact has been observed which 
contradicts the law. 

It will be advisable for later considerations that the quantities of the 
halogens be calculated from the numbers given above for the percentage 
composition of the haloid acids, which combine with a definite quantity 
by weight of hydrogen, the constituent common to these four compounds. 
For reasons to be discussed later hydrogen is no longer taken as unit, as 
has been done in the past, and it will be better, therefore, to compare the 
quantities by weight of the elements with one another, which are capable 
of uniting with i.oi parts by weight of hydrogen. In this manner we 
arrive at the following numbers: 

H I.OI H I.OI H i.oi H I.OI 

H 19- CI 35.45 Br 7996 1 1*6-85 

HFl »!oi HO 3&46 HBr 8097 HI ia^M 
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This sitnple recalculation afTords a clearer insight into the ratios bj 
weight according to which the halogens unite with hydrogen. We thus 
discover that 19 parts of fluorine, 35.45 parts of chlorine, 79.96 parts of 
bromine, and 126.85 P^rts of iodine, inasmuch as they are capable of 
uniting with i 01 parts of hydrogen, are equal or equivalent to one 
another. These numbers answer not only for the derivatives of the halo- 
gens with hydrogen, but we And them in the compounds of the lialogens 
with one another, and in their derivatives with other elements. Thus in 
iodine monochloride the chlorine and iodine are present in proportions 
by weight 35.45 : 126.85 ^"^ ^^ iodine monobromide the ratio of bromine 
and iodine is 79.96: 126.85. ^^ ^^ grams of sodium be converted into 
fluoride, chloride, bromide, and iodide the quantities of the halogens 
required for this purpose will again be in the ratio of 19 : 35.45 : 79-96: 
126.85. The same occurs if we substitute potassium, calcium, magne- 
sium, zinc, silver, etc., for sodium. Thus 19 parts by weight of fluorine 
combine with the following weights of the metals: 23.05 parts sodium, 
39. 15 parts potassium, 32.7 parts zinc, 31.8 i)arts copper, 100. 15 parts mer- 
cury, — and 35.45 parts chlorine, 79.96 parts bromine, and 126.85 parts 
iodine combine with exactly the same quantities by weight of these 
metals. 

Let us take another example. On bringing copper into a solution of a 
mercuric salt the former dissolves, while mercury separates out ; indeed, 
31.8 parts of copper displace 1 00. 1 5 parts of mercury. If zinc be brought 
into the copper solution thus x>btained, it will dissolve, while copper 
separates — and 32.7 parts of zinc separate 31.8 parts of copper. Further- 
more, zinc displaces the hydrogen in acids; from all of them 32.7 parts 
of zinc separate i.oi parts of hydrogen. In all these reactions we ob- 
serve the elements appearing in the same quantities by weight. 

There is a net of i)erfectly definite proportions, by weight, connecting 
all these bodies with one another, and also the reactions which occur 
between them, i.oi parts of hydrogen combine with 35.45 parts of 
chlorine, and this quantity of the latter with 23.05 parts of sodium, 31.8 
parts of copper, 32. 7 parts of zinc. 32.7 parts of the latter metal precipi- 
tate 31.8 parts of copper and 100. 15 parts of mercury, from their salt solu- 
tions, and these quantities of the two metals are capable of uniting with 
the quantities of fluorine, bromine, and iodine which, like the 35.45 parts 
of chlorine, combine with 23.05 partsof sodium or i. 01 parts of hydrogen, 
etc. Proceeding in this way with i.oi parts by weight of hydrogen we 
obtain a number for each element which may be called its annbining 
weight. It will be discovered that the atomic weight of oxygen (O = 16) 
is the basis of all these number ratios. What has been written may be 
j summarized thus : TTie elements combine with one another in the ratio of 
I their combining weights. 

A series of very important facts, however, compels us to accord this law 
a broader meaning. It often transpires that two elements combine with 
one another not only in one proportion by weight, as in the case of the 
halogens and hydrogen, but in several ratios. Thus, there are two com- 
pounds of chlorine with iodine — the monochloride and the trichloride. 
The first of these always contains 35.45 parts by weight of chlorine to 
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136.85 P^rts by weight of iodine, and the second 3 X 35-45 =^ ^°f>iS 
parts of chloriue to the same quantity of iodine. Two comiwunds ul 
hydrogen and oxygen are known: water and hydrogen peroxide. In 
water there are always 8 00 parts by weight of oxygen to i.oi parts by 
weight of hydrogen, while in the peroxide to i.oi parts of hydrogen 
there are 8.00 y^ a ^ if> parts of oxygen. 35-45 parts of chlorine com- 
bine not only with 31.8 parts of copper and 100.15 P^^^s of mercury, but 
also with 63.6 parts of copper and 300.3 F^^rts of mercury. Oxygen 
forms five distinct compounds with nitrogen with the following propor- 
tions by weight, in which 8, the combining weight of oxygen (see above), 
is made the basis of comparison : 

NlTVOCRH. OXVCIN. 

Nitioui Oxide, M-^ pots S puts 

Nitric Oxide 14.04 " 16 " ^ 3 X ^-00 

Nitrous Anhydride, '4.04 " 34 " =3XS-»o 

Nitrogen Dioiid*, I4-<H " 3* " = 4 X 8.00 

Nitric Acihydjide, 14.04 " 40 " = 5 X 8.00 

Proust observed that two elements could combine with each other in 
different proportions by weight and that in so doing the composition 
changed by definite increments. The underlying law, however, was first 
recognized and propounded (evidently as the result of atomic considera- 
tions) by John Dalton, and definitely established on a scientific basis 
through the labors of J. J. Berz«lius. It is the !aw of multiple propor- 
tions: When two elements unite in several proportions, the quantities of 
ike second element combined with definite amounts of the first bear a simple 
rational ratio to each other. The law of definite combination by weight 
can be so expanded that it will at the same time include the law of con-' 
slant and also that of multiple proportions. Then it would read ; The 
elements only unite in the ratio (f their combining weights or simple rational 
multiples of the same. 
I Compounds, therefore, contain their constituents either in the ratio of 
I their combining weights, or some simple rational multiple of these com- 
\ bjning weights — a simple, self-evident, analytical view of the law. 

The elements of the doctrine of weight-combinations may be observed 
and gathered from the investigations of the German chemists — Karl 
Friedrich Wenzel and Jeremias Benjamin Rlchter upon the neutralization 
of bases and acids, and the alternating transposition of salts. Following 
the example of Richter this division of our science is even yet designated 
stoichiometry {rA arntx'^a, the constituents; iiirpov, measure), and the 
laws just deduced are the stoichiometrie laws. It was in this particular 
direction that Berzelius, from 1808 forward, achieved so much by many 
hundred accurate analyses which aided very materially in establishing 
a foundation of irreproachable facts for the preceding doctrine. 

[Weniel: Die Lehre von der Verwandtschaft, Dresden, 1777; Richter: Ueber die 
neueren GegenstSnde der Chemie ; besonders in) 7, 8, and 9 Stlick, 1796-1798. Com- 
pare alio: Benelius' Lehrbuch der Chemie, 5 Aufl., Bd. Itl, I147 ; and Vcrsuch, die 
hestimmten ond einfacben VerhAltnisse aufoifinden, etc., in Oslwald's: Klassiker del 
exakten Wiuenichaften, Nr. 35.] 
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The Statements thus far made have been free from assumption and have 
been proved by cxi)eriment and analysis; they find mathematical ex- 
])ression in the law of chemical proportions. But now speculation enters. 
To explain the remarkable regularities in the ratios John Dalton took 
refuge in the atomic hypothesis — "one of the greatest steps of which 
chemistry availed itself in advancing to perfection " — ^Berzelius. 

As previously indicated in the introduction (p. 25) Dalton assumed 
that the elementary atoms preferred uniting in the ratio of i : i ; 
and whenever but one com|X)und of two elements appeared Dalton re- 
garded it as comix>sed of an atom of each of the two elements. If several 
compounds existed he viewed the first as consisting of A 4- B, the second 
of A + 2B, the third of 2A + B, and the fourth of A + 3B (New Sys- 
tem of Chemical Philosophy, vol. i (1808)). By this assumption the 
facts, expressed in the stoichiometric laws, meet with an astonishingly 
simple explanation. If hydrogen chloride contains one atom of hydrogen 
to one atom of chlorine its composition must always be the same: law of 
constant proportions. If an atom each of hydrogen, sodium, potassium, 
silver, etc., unite with an atom of fluorine, chlorine, bromine, and iodine 
to form the corresponding fluoride, chloride, bromide, and iodide, then 
in all these compounds the fluorine, chlorine, bromine, and iodine must 
appear in the same constant combination ratios, 1. /., the quantities of 
fluorine, chlorine, bromine, and iodine, which unite with a definite quan- 
tity of another element, must always be to one another as their atomic 
weights: law of combining weights. If iodine at one time unites with 
one atom and again with three atoms of chlorine, the quantities of the 
latter which iodine in one instance requires to yield the monochloride 
and at another time the trichloride stand in the proix)rtion of i : 3 (CI : 
3CI) : law of multiple proportions. 

If two elements combine in but one proportion by weight then the re- 
sulting compound, on the assumption of Dalton, contains one atom of each 
element. This at once makes it possible to determine the ratio of the 
atomic weights of these elements. Thus, in hydrogen chloride there are 
97.23 i)er cent, of chlorine to 2.77 per cent, of hydrogen, and on the as- 
sumption of Dalton the compound consists of one atom of hydrogen and 
one atom of chlorine, then these numbers i^ossess a deeper meaning, for in 
that case the atomic weights of the two elements will be as 2.77 : 97.23. 
Similarly, the ratios of the atomic weights of the other elements may be 
determined and the relative atomic weights would result just as soon as 
some number is selected as the atomic weight for any one element and 
the proportion numbers are referred to this number. The comparison 
element should be one which forms analyzable derivatives with most of 
the other elements. The number selected for its atomic weight is a 
matter of practicability and of general agreement. These are the reasons 
which were potent in the choice of oxygen as the standard. Its atomic 
wci^'ht has been placed at 16. Our relative atomic weights, therefore, refer 
to = 16. Compare Bericht der Kommission fur die Festsetzung der 
Atomgewichte (I^andolt, Ostwald, Seubert), Ber. 31 (1898), 2761. 

Hydrogen, the specifically lijjhtest clement, was chosen by Dalton as the standard ; its 
atomic weight was taken as unit. The disadvantage in this instance is that hydrogen 
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fontu companble deiivativu, allawing of wximte uuljsis, with few elements. Conse- 
quently the ratio of ils Momic weight lu ihat of other elements it usually detErmined willi 
me aid of oiygea. Since, however, the ratio of oxygen to hydrogen cannot be as sharply 
delennined as that of oxygen to the atomic weights of many other elements, errors which 
are not justifiable creep into the atomic weights by virtue of (his recalculation. These 
reaaona led Berielius, lo whom we an! indebted for the first accurate atomic weight deler- 
niinations, to reject the Dalloa uniL He chose, with analytical acutencss, oxygen as the 
standard, setting its Blomic weight at 100 |U — 100). 

About the middle of the present century a return to the Dalton hydrogen unit occumd. 
Tlie movement was inaugurated mainly by the French, in order to distinguish new theo- 
retical views at fint sight from the older notions held by Beraelius and his studenls. The 
ttnridard has met with almoat universal adoption from that period down to the present time. 

In a recalculation of (he atomic weights, conducted by L. Meyer and Carl Seubert 
(1S93) with all previous detemiiDBtion* as basis, the atomic ratio O : H— 15.961 1 was 
Bisumed as Ihemost probable. Hitherto it has been regarded as the most aali^actory by 
the majority of chemists and has been adopted in this and other lext-books. Since, how- 
ever, J. Thomsen (189S) and particularly E. W. Morley bya series of most admirable and 
painstaking experiments have redetermined this ratio, the unsatisfactoriness of the hydro. 
gen unit has become more apparent. All atomic weights determined In ratio lo oxygen 
are affected by the change in this proportion O : H. To avoid similar dilTicullies in the 
future— for the ratio O : H cannot be regarded as definitely decided— chemists have taken 
oxygen as the element of compariHin, and in order that the new atomic numbers may be 
as similar as possible to those previously used, the suggestion of Oslwald that the atomic 
weight of oxygen be placed at 16 has been followed. The atomic weight of hydrogen 
will then be H ^: t.OoS, or for all practical purposes II = I.ol. Compare the historical 
data in the Zeil. f. anorg. Chem. 14 ( 1897), 350, 156, and also the report of the Atomic 
Weight ConunissioD to which reference has already been made. 

The relative atomic weights, determined in the manner indicated, are, 
of course, only correct if our assumption as to the number of atoms in 
union with one atiother is correct. The chemical analysis of water shows 
it to consist in one hundred parts of ti.a parts of hydrogen, and 88.8 
parts of oxygen, hence a.oa parts of hydrogen correspond to 16 parts of 
oxygen. If, then, water contains one atom of oxygen in union with one 
atom of hydrogen the atomic weight of hydrogen would be z.oa (O = 16). 
It may be possible, however, that water consists of two atoms of hydrogen 
and one atotn of oxygen or of one atom of hydrogen and two atoms of 
oxygen, etc. In the first case the atomic weight of hydrogen would be 
1.01 and in the second 4.04, etc., etc. 

Analytical results afford nothing positive for (he solution of this diffi- 
culty. This was the condition in which the question relating to the 
magnitude of the atomic weights existed fifty years ago. To establish 
these correctly, various views were allowed to prevail, none, however, 
with positive foundation. The question can only be solved upon a basis 
of special views of the gaseous condition and new facts lying chiefly in 
the domain of organic chemistry. 

Nothing definite is known as to the actual magnitude of the atomic weights. This baa 
thus far been an unimportant matter for purely chemical consideration. 

ATOMIC-MOLECULAR 

Gases, i. e., aeriform bodies, above their critical temperature, possess 
properties in pronounced degree which are independent of their chem- 
ical composition. As regards alterations of pressure and temperature a 
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given volume^ for example, one liter, of hydrogen deports itself in the 
same regular manner as one liter of any other gas under the same condi- 
tions. Here chemical composition no longer plays a rdle. Just as soon 
as a substance passes into the gas condition it acquires the properties 
expressed by the laws about to be discussed. 

The relations between a volume of gas and the pressure under which it 
exists are expressed, for like temperatures, in a law named after its first 
discoverer, Boyle (1662), although it often appears under the name of 
Mariotte (1679). It reads: the volume occupied fy a given mass ef gas 
under different pressures is inversely as the pressure. If the pressure is 
trebled the volume will be diminished to one-third ; if the pressure fidb 
to one-half, the volume will double, etc. If the gas volumes be repre- 
sented by V, v' and the pressures by p, p', the law can be algebraical j 
expressed in the equation 

p : p' = v' : T 

or 

p : V =r p^ : v' = Constant. 

That is, the product of the pressure and volume of a given quantity of 
gas, with constant temperature, is unalterable. 

The second law was discovered in 1802, almost simultaneously, by Gay- 
Lussac and by Dalton. It reads : the volume of any gas increases y^^ 
or 0.003665 of its volume at o**, for every degree centigrade which its 
temperature rises under the same pressure. This number, the coefiicient 
of expansion of gases, is ordinarily represented by the letter a. If the 
volume Vo of the gas at o^ was equal to i, then at i^ it is equal to 
1.003665, at 273*^ equal to 2, and universally at t* 

Tt = Vo + Vo . 0.003665 . t = Vo (i -f <»t). 

By combining the two laws there results the important equation 

p V = po Vo (i -f at), 

indicating the relations between the volume v, which a gas under pressure 
p occupies at t* and the volume Vo at 0° under the pressure p.. We shall 
return to this law when the measurement of gases and their variation from 
the Boyle-Gay-Lussac law are considered. 

A third law relates to the volume ratios according to which gases 
combine chemically with one another. These were first investigated by 
Gay-Lussac, partly in conjunction with A. v. Humboldt. Gay-Lussac 
announced his observations as follows: The gases combine according to 
simple volume ratios; the volume of a compound gas bears a simple ratio 
to the volume of its constituents. In the union of hydrogen and a halo- 
gen to form a halogen hydride it was found that one volume of hydrogen 
and one volume of halogen combine to two volumes of the halogen 
hydride. Hence, in this instance, the union took place without change 
of volume; the halogen hydride occupied the space previously occupied 
by its constituents: an important fact for the chemical atomic theory. 
It is concluded from this and the previously mentioned facts, according to 
which hydrogen and halogen unite with one another in the ratio of their 
combining weights, that the ratio between the weights of equal volumes 
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of these gases, /. e., of their densities, must be the same as that between 
the combining weights. Each halogen has but one derivative with hydro- 
gen. Hence, according to Dalton, it may be assumed that in the case 
of the halogens the combining weight and atomic weight are the same. 
Then their gas density would be proportional to their atomic weights. 

I Here, again, and also in similar deportments of the simple as well as 
the compound gaaes, expressed in the law relating to gases, we are forced 
to the assumption that in equal volumes of different gases there is an equal 
number of atoms — smallest particles. Daltoo and Berzelius both assumed 
this conception, but soon abandoned it because it did not lead to a defi- 
nite, well-defined distinction, justified by facts, between elementary 
and compound gases. Equal volumes of hydrogen and of chlorine unite 
without any change in volume to hydrogen chloride. If looo atoms are 
present in a given volume of hydrogen, looo atoms of chlorine would be 
required in an equal volume, and by their union there would result looo 
[>articles of hydrogen chloride, which would occupy, as demonstrated by 
experiment, the same volume as the chlorine and hydrogen together : 

\orx> H 4- looo CI = looo HQ. 
1 vol. 1 vol. I voli. 

A volume of hydrogen chloride, therefore, would contain only half as 
many particles as a like volume of the elementary gases — a conclusion 
which contradicts everything known relative to the constant, physical 
deportment of the gases (being independent of chemical constitution) 
with reference to the laws of Boyle and Gay-Lussac. 

To solve this contradiction has required almost a half century of chem- 
ical investigation. It was especially the advances in the domain of 
organic chemistry which led to the assumption that the elementary sub- 
stances as well as the compound did not consist of a mass of free atoms 
but of an aggregation of atom-groups — of molecules (p. 24). This had 
been advocated (enunciated) by Avogadro (1811), then by Ampire 
(1814), and subsequently by Dumas (1839), but it was only at the cluse 
of the '50's that the theory, after being supported by the Parisian chem- 
ist Gerhardt on a purely chemical basis, received general acceptance and 
favor [Gerhardt, Lehrbuch der organ. Chemie, deutsche Ausgabe, 4 
(1857), 598, 627, etc.}. It is, consequently, necessary to distinguish 
between atom and molecule {maltcula, mass- particles). It is not the 
atoms but the molecules which, as a rule, exist in the gases as the smallest 
constituent particles (exceptions will be discovered later; see also p. 55 
00 the Dissociation of the Halogens). It is obvious that the smallest par- 
ticles of a compiound body consist of several atoms. By further subdivi- 
sion such a molecule brealu down into dissimilar constituents : a molecule 
of hydrogen chloride is resolved into hydrogen and chlorine. Even the 
elements, when free, consist, as a rule, of molecules, and the latter of sev- 
eral, generally of two, atoms. Hence, the previously deduced nile that 
in equal volumes of the elementary gases there is contained an equal num- 
ber of atoms must be changed and amplified somewhat as follows: 
I The number of molecules in a unit volume of all ga.ses is the same — 
hike pressure and like temperature being presupposed. While not entirely 
Icorrect, this law is very frequently designated as the law of Avo^io. 
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The contradiction between the conclusions deduced from che m is tr y 
and from physics now vanishes. 

The process of the combination of hydrogen with chlorine (and the 
other halogens) must be conceived, therefore, to be somewhat like the 
following: one molecule of hydrogen, containing at least two atonu of 
hydrogen, acts upon one molecule of chlorine, also composed of at least two 
atoms of chlorine, and there result two molecules of hydrogen chloride: 

H, + CI, = 2HO. 

I. f., hydrogen chloride contains just as many molecules in an eqiud wt 
ume as hydrogen and chlorine. This is apparent firom the following 
representation, which attaches itself to the example given on p. 75 : 
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X volume. 



X volume. 



3 volumes. 



In a similar manner two volumes of hydrogen (containing 2m molecules) 
give with one volume of oxygen (containing n molecules) two volumes of 
aqueous vapor ; consequently, 2n molecules of water. In 2m molecules of the 
latter (H^O) there are contained at least an atoms of oxygen ; therefore, 
in ft molecules of oxygen, 2» atoms of oxygen— or &ft€ #3 r^y ri » maleeuk 
consists of at least two atoms (compare pp. 73, 80). 
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Let US take another analytical example. Two volumes (sii mol.) of 
ammonia gas break down, under the influence of the electric spark, into 
one volume (« mol.) of nitrogen and three volumes of hydrogen (each n 
mol.). From this it is evident, as in the preceding example, that the 
nitrogen molecule also is composed of at least two atoms: 
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In the same my it may be shown that the phosphorus molecule consists 
orat least four atoms of phosphorus (P^), etc., etc. 

Many other facts corroborate the assumption that the molecules of the 
elements consist of several atoms, for example, the existence of the allo- 
tropic modifications of the elements (compare Ozone), the chemical reac- 
tions (compare Hydrogen Peroxide), and the remarkable action of the 
elements in the moment of their liberation. 

We saw (p. 53) that the oxygen separated from water by chlorine 
acted much more energetically than free oxygen. Other elements, espe- 
cially hydrogen, behave similarly in the mifmin/ 1^ /ormatian — in statu 
naseendi. As viewed by the atomic molecular theory, this may be very 




Fia37. 



Fia 38. 



FiQ. 39. 



easily explained. The free elements (their molecules) are compounds of 
similar atoms whose chemical affinity has already been partly satisfied. 
In the moment of their separation from compounds free atoms appear, 
which, before they combine to molecules, must act more energetically. 

The experiments illustrating and confirming what has been said upon 
the volume relations of the gases will now be considered : 



opposite poles. The etectrolysis m>y be made in an ordinary volumeter (Kig. 371. 
Hofmann 1 appuMus is beUer uUpled to this puq>ose {Fig. 38*). Two glass cylinders. 



c nlBUon of the | 



78 



INORGANIC CHEMISTRY. 



provided at the top with stop-cocks, are connected at the lower end with one another mnd 
with a funnel tube ; the latter serves to fill the apparatus with liquid ; and also, by further 
additions, to press out the gases collected in the tubes. The platinum, electrodes are fused 
into the lower part of both tubes. In another form of Hofmann's apparatus (Fig. 39) 
the electrodes are introduced by means of caoutchouc stoppers.' When the separabng 
gases (in this case chlorine) attack the platinum, carbon electrodes are substituted for the 
latter. 

To electrolyse hydrogen chloride, fill the apparatus with hydrochloric acid, of specific 
gravity 1. 125, to which has been added fifteen times its volume of calcium chloride of 
1.36 specific gravity ; close the upper stop-cocks and connect the electrodes with the poles 
of the battery. Gases separate in both tubes, and in eoual volumes '; that separated at the 
positive pole is chlorine ; the other combustible gas is hydrogen. [See Lupke, Grund- 
zQge der wissensch Elektrochemie, Berlin, 1899; Lothar Meyer, cer. 27 (1894), 850; 
Haber and Grimberg, Z. f. anorg. Ch. 16 ^1898).] 

This experiment shows that hydrogen chloriae decomposes into equal volumes of 
chlorine and hydrogen. 

2. The production of hydrogen chloride by the union of equal volumes of hydrogen 
and chlorine is shown in the next experiment 

Fill a cylindrical glass tube, provided with stop-cocks at both ends (Fig. 40), with 
equal volumes of chlorine and hydrogen. This is most conveniently done bv conducting 
the gaseous mixture obtained by the electrolysis of hydrochloric acid into the dry tube. 
(The tube should be filled and kept in the dark, as the gases combine in daylight.) 

When the tube is filled with the mixture, sunlight or magnesium light 
is directed upon it, when chemical union ensues. On immersing the 
lower end of the tube into water, and Opening the lower stop-cock, the 
water will rapidly fill the tube, as the hydrogen chloride that was pro- 
duced dissolves ; all the hydrogen and all the chlorine have disappeared. 
3. A modification of this experiment teaches us another important 
fact which has reference to the ratio of the volume of the hydrogen 
chloride to the volumes of its constituents. If the tube filled with 

Siual volumes of chlorine and of hydrogen be opened under mercury, 
ter the explosion, no diminution in volume will be detected, although 

the mixture of chlorine and hydrogen has been changed to hydrogen 

chloride. It follows from this that a mixture of equal volumes of 

chlorine and hydrogen affords the same volume of hydrogen chloride, 

or, as ordinarily expressed, one volume of €hlorine and one volume of 

hydrot^en yield huo volumes of hydrogen chloride. 

The following experiment confirms this conclusion : Into a bent tube 

(Fig. 41), filled with mercury, conduct dry hydrogen chloride, and then 

introduce in the bend of 

the upper part a little piece 

of metallic sodium. On 

heating the latter with a 

lamp.the hydrogen chloride 

is decomposed, the chlorine 

combines with the sodium 

to form sodium chloride, 

while hydrogen is set free. 

Upon measuring the resid- 
ual hydrogen it will be 

found that its volume is 
exactly the half of the volume of hydrogen chloride originally introduced. In the same 
manner may be shown the fact that in two volumes of hydrogen bromide and hydrogen 
iodide there is contained in each one volume of hydrogen. It follows further from the 
densities of bromine and iodine vapors, that the (]uantities of these elements in gas form 
combining with one volume of hydrogen also occupy one volume, lience, one volume 
of hydrogen and one volume of bromifie vapor yield hvo volumes of hydrogen bromide^ 
and one volume of hydrogen and one volume of iodifie vapor hvo volumes of hydrogen 
iodide. 
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Fig. 40. 
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All that has been previously stated may be summarized as follows: 

I. All bodies are {smposed of atoms. 

a. The atoms unite to form the molecules of the simple and compound bodies. 

3. Equal volumes of gases contain, at like temperature and uniier like 
pressure, an equal number of molecules. 

4- Hugos densities, therefore, bear the same ratio to one another as the 
molecular weights. 

The gases argon and helium, recently discovered in the atmosphere, are 
exceptions. They consist of single atoms at the ordinary temperature. 
This is also true of the halogens at elevated temperatures, and, so far as we 
know, of wutal vapors (mercury, cadmium, sine'). 

Heretofore gas density has been referred to the hydrogen atom (H ^ 
i), while the molecular weight was referred to the molecule H, =; 2, so 
ihal the density (the specific gravity of the gas)wasone-half of the molec- 
ular weight. At present, the atomic weight of oxygen (16) being taken 
as the standard in determining the atomic numbers of the otiier elements, 
it appears proper to refer the density to the molecular weight of oxygen, 
O, = 33, when the values for density and molecular weight will coincide. 

The following table contains the atomic and molecular weights of cer- 
tain metalloids as well as the molecular weights of their hydrogen deriva- 
tives. The molecular weights (gas densities) show how much a volume 
of the respective gas weighs, if an equally large volume of oxygen, under 
similar external conditions, be placed at 31 (p. 73): 



AtokIC WllCHT*. 


Molecular Wuichtb o» Gas Dhnstties. 


H = i.oi 


H, = Z.03 


Cl= 35-45 
Br= 7996 


CI, = 70.9 
Br, = 1599' 
Br := 79.96 Bbofe 1000" 


I =136.85 


r. = »53-70 

1 = 136.85 'Ik"<! i5<»'' 

HQ = 36.46 

HBt= 80.97 




HI = 127.86 


0= 16 


h',0 = ?8.oi 


N = 14.4 


N, = rf.oS 
Nll,= 17.07 




P = 31.0 


P, = 124.00 
PH. = 34.03 





The densirj D of the gu, referred 
becaoM the denoty of mit is ^ •* ' 



^*^-'-^ = 0.04466 M. 

I air u unit, follows from the equalion 

D = -^ 
? = »8.9S, referred to O, = 32. 
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The numbers deduced from these equations vary somewhat from those obtained by 
direct observation. This is due to the fact that what has been said is a simple but at the 
same time not an absolutely correct expression of the deportuicut of gases. We shall 
return to this point when the measurement of gases is discussed. 

By determining the gas density it is only possible to fix the molecular weight of an 
element which exists in the gaseous condition. The magnitude of the atomic weight 
remains uncertain. The chlorine molecule weighs from its gas density and the standard 
selected 70.9 units, and consists of two atoms (CI,), if we suppose that the atomic weiglit 
=r 35.45. Its atomic weight could, however, be only the half (or another submultiple) 
of 35.45 ; then its molecule would consist of four chlorine atoms (CL = 70.90 when CI is 
made equal to 17.725), and the formula of hydrogen chloride would l)e HCl,. As anal- 
y.sis and the vapor density determination of many, especially organic, derivatives show 
that the smallest quantity of chlorine in a molecule of a gasinable body must alw83rs be 
expressed by 35.45, we can well accept this number as the atomic weight. That the 
maximum values thus derived have not been found too high, but correspond to the actual 
relative atomic weights, follows from the agreement of these numbers with the atomic 
numbers obtained from the specific heat of the elements. The complete certainty of their 
correctness we reach by the law of periodicity, which is deduced from these numbers. 



These convincing suppositions and conclusions drawn from actual re- 
lations, form the atomic molecular doctrine, which is the foundation of 
the chemistry of to-day. As this doctrine completely explains the quan- 
titative phenomena arising in the action of the chemical elements upon 
one another, and as it has been repeatedly confirmed by phenomena of a 
purely physical nature, and has thereby acquired a high degree of proba- 
bility, it is only proper and correct that it be designated a theory. 



OXYGEN GROUP. 

In this group are included the elements oxygen, sulphur, selenium, and 
tellurium. They are perfectly analogous in their chemical deportment. 
One atom of each of these elements is capable of uniting with two atoms 
of hydrogen. 

1. OXYGEN. 

Atom : O = 16. Molecule : Oj =» 32. 

Oxygen (oxygenium) is the most widely distributed element in nature. 
It is found free in the air; in combination it exists in water. It is an 
important constituent of most of the mineral and organic substances. 

It was discovered, almost simultaneously, by Priestley, in England, 
1771, and Scheele, in Sweden, 1775. Lavoisier, in France, 1774-1781, 
first explained the important role attached to oxygen in processes of com- 
bustion, of respiration, and of oxidation. 

Preparation — Heat red mercuric oxide, a compound of mercury with 
oxygen, in a small glass retort ; in this way the oxide is decomposed into 
mercury and gaseous oxygen : 

HgO = Hg -f O. 



OXYGEN. 8l 

The following method is commoDly pursued in the chemical labora- 
tory: Potassium chlorate, a compound of potassium, chlorine and oxy- 
gen, is heated in a glass retort (Fig, 42) or flask, and thus decomposed 
into solid potassium chloride and oxygen : 

KCIO, = KCl + 30.» 

The evolution of the gas proceeds more regularly and requires a less 
elevated temperature if the pulverized chlorate be mixed with ferric oxide 
or manganese peroxide. (A small portion of the oxygen is ozonized ; see 
p. 84). The liberated oxygen is collected over water. 

McLeod Qi. Chem. Soc., 55, 193) cxplutu ihe mcdunism of the Klion of m«n- 
puiese peroxide on poUuium percblorale, when beated, as foUowi : First, the peroiide 
acts on the chlorate pnxiucing potassium pertcai^aiiate, chlorine, and oxygen, sMnU, 4- 
aKOO, = K,Mn,0, -(- CL -)- O,. Secondly, tfie pemianganale is decomposed by heat ! 
K,Mn,0, = K,HnO, + MnO, + 0„ and in the third stage the change is probably j 
K,MnO( + CI, = aKCI + MnO, + O,. 

Very pure oxygen may also be obtained by heating potassium bichro- 
mate with concentrated sulphuric acid : 

Kfitfi, + SH^SO, = Cr,(SO,), + aKHSO, + 4H,0 + 3O. 

Besides these many other methods may be employed for the prepara- 
tion of the gas; ^. j'., the ignition of manganese and barium i)erDXLdcs; 
the decomposition of sulphuric acid at a high heat; the boiling of a solu- 
tion of bleaching lime with a cobalt salt, etc. These methods, applied 
technically, will be considered more fully later. 

A very convenient lalmratory method for the preparation of oxygen consists in allow- 
ing dilute hydrochloric add to act upon a miiture of barium peroiide (3 parts) and man- 
ganese peroxide (i ;>ait). The gas is evolved at (he ordinary temperatures. If the solid 
ingredients are mixed with gypsum (l part) and a little water the mass can be moulded 
into cubes, and llie oxygen then be generated (like chlorine) in a Kipp apinralus {lier. 
ao (18S7), 15S5). Kassnei obtains a regular and continuous flow of the gas by [Kiuring 
water upon .'. pulverized mixture of I part of barium peroxide and i)i parts of potassium 
ferricyanide (red prussiale of polalh) : 

BaO, + K,Fe,(CN)„ = K4BaFe,(CN)i, + O,. 
Elkan, in'Berlin, furnishes oxygen under 100 atmospheres pressure in aleel cylinders for 
trade purposes. The gas is prepared by the method of Boussingaull and Brin, by beat* 
ing buium peroxide to about 700° under reduced pressure : 

BaO, ^ BaO -f O. 
The resulting barium oxide is reconverted into peroxide at the same temperature but 
higlier presstire by the oxn[en of the air. According lo Kassner, calcium plumbale may 
be similarly applied. It breaks down, under conditions which will be considered later, 
into lead oxide, otldnm oxide, and oxygen : * 

Ca,PbO, = PbO -I- aCaO + O. 

*Thc chemical equationi used here and previously are only Intended to represent the 

iminncr of the reaction, and lo express the accocnpanying relative quantities hy weight. 

It shoald not be forgollcn that free atoms do not exist, but that they always occur oom- 

bincd in molecules. Molecalarly written the equation would be : 

aKOO, = IKQ + 3O,. 
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A iiielhod which will probably be of Tulue latt-r is ibal of Linde, by which aitrogen ii 
(irM evaporated friHa liquid air, and the portions passing ovci inbcequeatly are found lo 
cuiiluin 75 per cent, of oxygen. 

Properties. — Oxygen is a colorless, odorless, tasteless gas. One liter 
of oxygen at o" C, and 760 mm. pressure, weighs 1.4391 grams (15.9 
times more than one liter of hydrogen). Its specific volume equals 609.} 
c.c, (p. 45), It is only slightly soluble in water; 100 volumes of tbe 
latier dissolve 4. i volumes of the gas at 0°, and a. 9 volumes at 15°. It 
is more readily dissolved by absolute alcohol (28 volumes in 100 volumes). 

The critical tem])erature of oxygen is — 118°, and its critical pressure 
equals 50 atmospheres (p. 47). Liquid oxygen under a pressure of i 
atmosphere boils at — 184°, and under 9 mm. pressure at — aag". Its 
sjiecific gravity at — 118° equals 0.65, at — 139° it is 0.87, and 1.1341! 
— 184° (the boiling point at the ordinary pressure). Liquid oxygeo hai 
a bright-blue color (Olszewski). 
I Oxygen combines with all the elements excepting fluorin e, hdlum, and 




./.X<'^.. '^iiH| 



argpn. With most of them it unites directly, accompanied by the evolu- 
tion of light and heat (p. 57). The burning of combustible bodies in 
the air (le[)ends on their union with oxygen, which is present in the same 
to the amount of 23 per cent. The phenomena of the respiration of ani- 
mals are also influenced by the contact of the oxygen of the air — hence 
the earlier designations of oxygen as inflammable air, and vital air. In 
pure oxygen the phenomena of combustion proceed more energetically 
than in air. Iguiled charcoal or an ignited sliver inflames immediately 
in the gas, and burns with a bright light. This lest serves for the recog- 
nition of pure oxygen. Sul|>hur and phosphorus ignited in the air burn in 
it with an intense light. Kven iron burns in the gas. To execute this 
ex|ieriraent, take a steel natch spring, previously ignited, attach a match 
to the end, ignite the same, and then introduce the spring into a vessel 
filled with oxygen gas. At once the match inflames and ignites the iron, 



which bums with an exceedingly intense light and emits sparks. (To 
protect the vessel from the fusing globules of iron oxide, cover the bottom 
with a layer ofsand.) Iron will burn in any flame if a current of oxygen 
be conducted into the same. 

Oxygen combines with hydrogen to form water. The union occurs at 
a red heat, by the electric spark or by the action of platinum sponge (p. 
46}. Palladium asbestos acts similarly. Of all the combustible gases 
only hydrogen combines by its influence with oxygen at the ordinary 
temperature. Hydrogen burns in oxygen with a flame; vice versi, oxy- 
gen must also burn in hydrogen ; this may be demonstrated in the same 
manner as indicated under Hydrogen Chloride (p. 57). A mixture of 
hydrogen and oxygen detonates violently ; most strongly if the pro]x>r- 
tions are i volume of oxygen and 3 volumes of hydrogen ; such a mix- 
ture is known as oxyhydrogen gas. The explosibility may t>e shown in 
a harmless way by the following experiment: Fill a narrow-necked flask 
of 150-350 c.c, capacity, over water, fi with hydrogen, and yi with 
oxygen; close the opening with a cork, then wrap the flask in a towel, 
remove the cork and bring a flame near the opening. A violent explo- 
sion ensues, generally with complete breaking of the flask. The tempera- 
ture of ignition of oxyhydrogen gas is about 650° (V. Meyer and 
A. Miinch, Ber. 36 (1893), '"< '4") (*« P- "*). 




no. 43. 



The oxyhydrogen flame is only faintly luminous; it possesses, how- 
ever, a very high temperature, answering, therefore, for the melting of 
substances which fuse with great difficulty, e. g., platinum. To get a 
continuous oxyhydrogen flame, efllux tubes of peculiar construction are 
employed (Fig. 43) ; through the outer tube, IV, hydrogen is brought 
from a gasometer; oxygen is conveyed through the inner, S, and the 
mixture ignited at a. Such a flame impinging on a piece of burnt lime 
or zircon makes the latter glow and emit an extremely bright light — 
£>rummffHd'i lime light. Zirconium light. 



The union of oxygen with other substances is termed oxidation. This 
term, as well as the name Oxygeniiim (from 6^h^ and ;-ivva'u>), or acid 
producer, suggested by Lavoisier, arises from the fa- 1 that acids are some- 
times fonned in oxidation. This the combusti n experiments prove. 
If the vessels, for instance, in which carbon, sulphur, and phosphorus 
were bnmed, be shaken with water, the latter will give an acid taste, and 
redden blue litmus-paper. It was formerly thought that the formation 
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of acids is always conditioned by oxygen. We have, however, already 
noticed that the haloid acids — hydrochloric, hydrobromic, and hydriodic 
—contain no oxygen. Some of the elements yield acids by their union 
with oxygen , or more correctly oxides ^ which form acids with water. Most 
of these are the metalloids. Thus the following corresponding acids are 
derived from the acid- forming oxides of sulphur and phosphorus: 

SO, 4- H,0 = H,SO^. 

Sulphur Sulphuric 

trioxide. acid. 

PA + 1^0 = 2HP0,. 
Phosphorus Metaphosphoric 

pentoxide. add. 

With oxygen the metals usually yield oxides, which form hydroxides 
(hydrates) or bases with water : 

K,0 -f H,0 = 2K0H. 

Pota^ium Potassium 

oxide. hydroxide. 

CaO + H,0 = Ca (OH),. 

Calcium Calcium 

oxide. hydroxide. 

The salts are produced by the alternating action of acids and bases 
(see p. 6i). 

Thirdly, there exist the so-called indijferent oxides^ which yield neither 
acids nor bases, with water, e. g, : 



N,0 


NO 


PbO,. 


Nitrous 


Nitric 


Lead 


oxide. 


oxide. 


peroxide. 



Oxidation is not only induced by free oxygen or bodies rich in it, but 
frequently, also, by the halogens; in the latter case the halogens first 
decompose the water with the elimination of oxygen, which then oxidizes 
further (compare p. 53). 

The opposite of oxidation, the removal of oxygen, is called reduction 
(p. 64). Hydrogen {in statu ftascendi)^ and substances giving it off 
easily (as hydriodic acid), have a reducing action. Most of the metallic 
oxides are reduced at a red heat by hydrogen, with the formation of 
water, e. g. : 

CuO + H, = Cu + H,0. 

Copper oxide. Copper. 

OZONE. 
C. 

Ozone, discovered in 1840, by Schonbein, is, as will be shown later, a 
peculiar modification of oxygen, characterized by a remarkable odor and 
great reactivity, therefore it is called active oxygen. It is obtained from 
oxygen in various ways; it is almost always produced when oxygen 
is liberated, or when it takes part in a reaction ; thus, in the decomposi- 
tion of peroxides by concentrated sulphuric acid, or when they are heated 
in a current of oxygen to their decomposition-temperature [Brunk, Z. f. 
anorg. Chem. 10 (1895), 222] ; in the electrolysis of water (at the positive 



pole), in the slow oxidation of moist phosphorus, in the combustion of 
hydrocarbons, and in the action of the so called silent discharge in an 
atmosphere of oxygen or air. In none of these instances is all of the 
oxygen ever converted into ozone; only a small portion — under most 
favorable conditions 5-6 per cent. — suffers this change. 

The following methods serve for the preparation of ozone; 

I. Put several pieces of stick phosphonis inio t apacknis AmIi, cover Ihein aboul 
half will) water, and allow them to stand for some hours. Or conduct oiygen over 
pieces oi pbosphoms placed in a glass tube and mostened with water, Otone is also 
formed ahundantlT when a potassium bichromate tolalion is tubslituted for water, 
[Leeds, Ann. Chem. rg8 (1879), 38.] 

3. l^iss the silent discha^ through air or ox^rgen. For this purpose we may employ 
■ Siemen's osone tube (Fig. 44, CeisalcT fonn), which consiiu oF two glass Inbet a and 
i tilling into one another. Each is coated on ihe inner side with tin foil or fold leaf. 
The one coaling is conmcted with the positive and the other with the negative pole of 
an induction apparatus. Oxygen or air circulates between the two lubes in the direction 
indicated by Ihe arrows. 

3. Gradually odd barium peroxide in small portions (or potassium permanganate) to 
cold sulphuric add ■. 

BaO, + H,SO( = BaSO, + H,0 + O. 

The escaping oiygen i« tolerably rich in ocone, and is collected over water. 

Ozone possesses a highly penetrating, p<-rii|ji^r nAnr (hence its name 
from u'ttv, to smell), which by prolonged respiration produces bad 
results. In a thick layer, ozone shows a bluish color . If ozonized air be 
subjected to powerful pressure (150 atmospheres) at a very low tem)>era- 
ture, or if ozonized oxygen be conducted through a small tube cooled to 
— 184" by boiling oxygen, the ozone will condense to a liquid with an 
indigo-blue color. Liquid ozone, if preserved in a sealed tul>e, passes 
into a blue gas, that can be again liquelied by chilling it with boiling 
ethylene. (Ozone is rather stable at the ordinary temperature; and at 
more elevated temperatures does not revert to ordinary oxygen as rapidly 
as it was supposed. This was gathered from the experitnenls of Brunk, 
according to whom ordinary oxygen is ozonized when it is conducted 
over manganese peroxide heated to4oo'9 According to Mailfert's experi- 
ments ozone is fifteen times inore soluble in water than oxygen. At the 
ordinary tem|>erature it takes up half its volume of the gas. In solution 
the ozone gradually reverts to oxygen without formation of h ydrogCD 
peroxide. Unlike ordinary oxygen, ozone, especially in a moist state, 
oxidizes strongly at ordinary temperatures. Phosphonis, sulphur, and 
arsenic are converted into phosphoric, sulphuric, and arsenir acids ; 
ammonia is changed to nitrous and nitric acids ; silver and lead are con> 
verted into the correspondine peroxides; therefore paper moistened with 
a lead salt is colored brown. ^Iodine is separated at once from potassium 
iodide by it : 

aKI + Ufi + O, = »KOH + I, + O^ 

It also oxidizes all organic substance s ; therefore the ajiparatus used in 
its preparaUon must not be constnicte<d of caoutchouc. Solutions of 
dyestn^ like indigo and litmus, are decolorized. Its ability to turn an 
alcoholic aobttion ofgnaiacom tincture bine is very characteristic of ozon& 
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For the detection of ozone the ordinary potassium iodide starch-paper (Schdnbein) 
may be used. This is pre{)ared by immersing white tissue-paper in a starch lolntioQ 
mixed with potassium iodide. 'I'he iodine which the ozone liberates from the potassioin 
iodide blues the starch-paper. The quantity of ozone may be approximately detennined 
from the rapidity and the intensity of the coloration. Thallous hydroxide is m more 
reliable reagent for ozone than the potassium iodide starch-paper. Guatacum tincture aod 
paper saturated with a lead acetate solution may also be used to detect oione ; the finA 
acquires a blue color, the second becomes brown. Other substances also blue potassium 
iodide starch-paper and guaiacum, f. g.^ chlorine, bromine, nitrogen dioxide, etc., etc. To 
distinguish ozone from these, proceed as follows (Houzeau) : Take two strips of violet 
litmus-paper, one of which is saturated with potassium iodide, and expose it to the action 
of the gas ; when ozone is present potassium hydroxide will be formed from the iodide, and 
color the violet litmus blue. The second paper serves to show the absence of anunonia. 

The preceding reactions of ozone are all produced by hydrogen peroxide, althou^ 
less rapidly. The only test answering for the distinction of very slight quantities of 
ozone uom hydrogen peroxide is the blackening of a bright strip of silver by obodc. 




Fig. 44. 



Ozone is a variety of oxygen ; its molecules consist of three atoms : 

yield 



30, 

3 vols, oxygen. 



2O,. 
2 vols, ozone. 



This is proved by the following experiments : In ozonizing oxygen its volume dimin- 
ishes ; upon heating (when ozone is again changed to oxygen), the original volume is repro- 
duced ; when ozonized oxygen is brought in contact with oil of turpentine or oil of cinna- 
mon, all the ozone is absorbed and the volume of the gas is diminished. Comparing this 
diminution, corresponding to the ozone volume, with the ex|)ansion which an equal vol- 
ume of ozonized oxygen suffers after the application of heat, we will find that the first 
is twice as large as the latter ; this indicates that i volume of ozone yields i^ volumes of 
oxygen (Soretu From this it follows that the specific gravity of ozone must be i^ tiroes 
greater than that of ordinary oxygen, and that if the molecule of oxygen consists of two 
atoms, the molecule of ozone must contain three atoms. This conclusion is confiimed by 
the specific gravity of ozone derived experimentally from the velocity of diffusion^ and has 



been fouod to be ^iprosimaiel]' 48 (O, = 33), coirespondinK to Ihe molecular Tonnula 
O, iGnbani). 

A diminution in the volume of the gas does not occur in the action of 
ozone upon oxidizaL)le bodies like potassium iodide and mercury, although 
all the ozone disappears. It would appear from this that, in oxidizing, 
ozone only acts with one atom of oxygen, while the other two atoms form 
free oxygen, which occupies the same volume as the ozone : 
O, + aKI = O, + K,0 + I,. 

I vol. I vat. 

As a consequence of this behavior ozone is also called oxidized oxy- 
gen; /. e., free oxygen tO,), which has combined with an additional 
oxygen atom. 



{0„0) + 36.2C»I. = 0,. 

This eiplaint vhy Ofone ii produced with so much diflicnltjr, and wb<r die addition of 
considerable energy is necessary. This may be applied directly in Ihe form of heal or 
elcdridlT (electric sparks, silent electric discharse), or it may be withdrawn from ihe 
heal of fomution of other eiolhermic compouods which are produceil ■! Ihe ume time, 
e. g., (he formation of ozone by Ihe oxidation of phosphorus )o phosphorous acid. 

Being an endothermic derivative, we readily perceive why ozone is so unstable, and 
why it changes so readily to ordinary oxygen. When this occun Ihe oxygen acts as if 
in the mcHiient of foimation (0, = O, + O 1 see p. 53), and this explains why ozone 
acts more powerfully than ordinary oxygen. And to this must be added thai in oxida- 
tions performed by ozone there are 36.3 Cal. more set free than m oxidations with ordi- 
nary oxygen. 

We observe, therefore, that the elementary substance oxygen occurs in 
free condition in two difTerent forms — allotropie modifications — ordinary 
oxygen (O,) and ozone (O,). We shall learn later that very frequently 
substances of the same elementary composition possess different physical 
and chemical properties; such txidtes are called isomerides and the phe- 
nomenon isomerism {'ao^, like ; /lipof, part). The isomerism of the ele- 
ments was called ai/c/rofiy {iiiorponng, differently formed) by Berzelius. 
It is accounted for (as in the case of oxygen and sulphur) by the differ- 
ent number of atoms in the molecule. Alterations in the molecular 
energy relations are obviously of great importance. The allotropy of 
oxygen confirms the conclusion drawn from the gas densities, that the 
molecules of the elements are composed of atoms. 



We have already seen that ozone is absorbed not only by turpentine 
and cinnamon oil, but also by other ethereal oils. These bodies are, 
however, very slowly oxidized; the oxygen is contained in them in a 
peculiar condition. In this form it acts upon some bodies like free 
ozone; in other instances, the oxidizing action is rendered possible only 
by pecttliarsubitaiices which carry the oxygen. Spongy platinum, ferrotift 
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sulphate, and the blood-corpuscles are examples of this class. Thus, old 
turpentine oil, containing absorbed ozone, only acts on paper saturated 
with starch-paste and potassium iodide, when a few drops of a ferrous 
sulphate solution have been added to it. 

Since ozone is formed when electricity acts upon air, and, indeed, 
probably, in all oxidation and combustion processes, — and, further, potas- 
sium iodide starch-|)aper is blued when exposed to the air, — it was believed 
that ozone was a constant constituent of atmospheric air (i— lo milli- 
grams in loo liters of air); according to recent investigations it is, how- 
ever, probable that the imagined ozone reactions are frequently produced 
by hydrogen peroxide, which is very similar in reaction to ozone (p. 103), 
and is almost constantly in the air (Schdne). [Ber. 13 (1880), 1503; 
Engler and his co-workers, Ber. 30 (1897), 1669; 31 (1898), 3046.J 

Antozone, which was regarded as a third {peculiar modification of 
oxygen, has been proved in some cases to be hydrogen peroxide and in 
others to be oxygen tn statu nascendi. 

Oxygen is taken up at the ordinary temperature by comparatively few bodies. The 
alkali metals, finely divided metals, compounds of sulphurous acid, phosphorus, ceitaio 
organic derivatives, etc., are such << auto-oxidizable*' Ixxlies. In their spootaneous oxi- 
dation the very remarkable phenomenon has been noticed that other substances, present 
at the same time and in themselves not oxidizable, are also oxidized. It was therefore 
said that oxygen was rendered active by the " auto-oxidizable '' substances. More recent 
experiments have proved that the oxidation was occasioned by intermediate products ridi 
in oxygen (peroxides) which readily parted with their oxygen and acted as osjrgen 
carriers. [See Engler and Wild, etc.] 



COMPOUNDS OF OXYGEN WITH HYDROGEN. 

1. WATER. 

Molecale : HfO = 18.02. 

Water, the product of the union of hydrogen and oxygen, is produced 
in many chemical processes, e, g,y in the formation of salts from bases and 
acids (p. 61). Cavendish was the first (1781) to produce water syntheti- 
cally by the combustion of hydrogen in oxygen. Lavoisier a little later 
showed by analysis that water contained hydrogen and oxygen (p. 40). 
The first determination, although far from accurate, of the quantitative 
composition of water also originated with Lavoisier (1783). The weight 
ratio of hydrogen and oxygen in it was first determined more correctly 
by Berzelius and Dulong ( 1820). Gay-Lussac conjointly with Humboldt 
(1805) had shown that water was produced by the union of two volumes 
of hydrogen with one volume of oxygen (p. 74). 

Physical Properties. — It is obtained chemically pure by the distillatioB 
of naturally occurring water, which always contains other matter dissolved 
in it. It appears in all three states of aggregation : in the liqiiid, gaseous 
(steaw), and soUd (ice, snow). In a lV\\tv Xayex waXe.x \^ eo\ox\es&, ^V^at 



it is blue in layers of grcateT thickness. When water is ccxiled it con- 
tracts and attains its greatest density at 4'3'98° C The weight of a 
cubic centimeter at +4* is talcen as the unit of weight (= i gram). By 
further cooling the water expands — the opposite of most other bodies; its 
volume becomes greater, while the speciflc gravity decreases. 

The following table gives the volume and specific gravity of water for 
different temperatures referred to water at 4° (see the investigations of 
Thiescn, Scheet and Diesselhom, Zeit. f. Instrumcnienlcunde, 17 (1897), 





S.BC...C VO..-B. 
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0" 

2" 

•s 
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1.0003730 

1.0004756 

1.0010314 

i!t>o.77rf 

i.ooa»o83 

1.0032006 

1. 006319; 

1.0070584 

1. 01 100 
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I 


9999680 

9999680 
9998759 
9997171 

9995146 

9989697 

9986220 
9981303 
9977966 
9968097 
9937 "oi 
9919911 

9S863 



By cooling, water solidifies to ice. The melting point of ice is talcen 
as the zero of the centigrade and Reaumur's thermome trie scales. The 
solidification-temperature of water cannot be used for this purpose, 
because water at rest can be chilled considerably below 0° without freez- 
ing. The freezing point of ice, however, like all other solid bodies, is 
constant at adefinite pressure. As the latter rises the melting point of ice 
falls. At a pressureof 1000 atmospheres ice meltsat — 7° (Lord Kelvin). 
Most other substances, unlike ice, melt with an increase in volume ; in 
their case increase in pressure occasions a rise in the melting point 
(Bunsen). 

In the conversion of water into ice, a considerable expansion occurs: 
100 volumes of water at 0° yield 109 volumes of ice at 0° ; the specific 
gravity of the latter is, therefore, 0.9173, referred to water at 4°. This 
is why ice floats in water. Ice crystallizes in rhombohedral forms of the 
hexagonal system as may be distinctly observed in snowflakes. 

Different bodies require different quantities of heat to bring them to 
the same temperature. The heat capacity of water is greater than that 
of all other liquid orsolid bodies. It is customary to take the qua"'"' 
of heat necessary to raise one part by ««\^X ol ^u.« \\^n& ' 
16^ C, as the aait of heat, or calorie (see p. 66"). \xi. ft\t V*"* 
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liquid to the solid state heat is always set free, while, on the other hand, 
in the fusion of the solid he^t is absorbed. The latent heat of fusion of 
I kilogram of ice equals 79 calories ; this means that, for the melting of 
the ice, a quantity of heat is required which is capable of raising 79 kilo* 
grams of water from 15® to 16° (p. 92). 

Water boils upon the application of heat, and is converted into steam* 
The boiling temperature, like that of all other liquids, depends on the 
pressure ; it is also influenced by the substances dissolved in it, although 
the temperature of the vapors is constant (at a given pressure). The 
temperature of the steam escaping from water at the ordinary pres- 
sure of 760 mm. (45° latitude; sea-level) is 100® (= 80® Reaumur). At 
680 mm. barometric pressure water boils at 96.9^, and at Soo mm. at 
Id. 4®. 

One volume of water at 100® C. yields 1696 volumes of vapor of the 
same temperature. The specific gravity of steam equals 18.02 (0,= 32) 
or 2-f;|-| = 0.622 (air = i); see p. 79. One liter of aqueous vapor 
weighs 0.590 gram at 100° under normal pressure. 

The critical temperature of water (or its absolute boiling temperature, 
p. 48) is +370^9 i^ critical volume 2.33, and its critical pressure' 195.5 
atmospheres, /. e,y at 370° the tension of its vapor equals 195.5 ^^^los- 
pheres, and above this temperature it can no longer exist as a liquid, but 
only as a gas. 

The vaporization of water, and of other liquids, occurs not only at the boiling point, 
but also at lower temperatures. The tension of the vapor is measured by the height of 
the column of mercury which holds it in equilibria. 

The following table gives the tension of aqueous vapor for various tempefmtares ( 
pressed in mercury levels at o^, 45*^ latitude, and sea-level) : 



Temperature. 


Tension. 


Temperature. 


Tension. 


— 20« C. 


0.93 mm. 


20«C. 


17.4 mm. 


— io« C. 


2. 1 5 mm. 


40° C. 


54.9 mm. 


o<» C. 


4.6 mm. 


6o<»C. 


148.9 mm. 


-f io« C. 


9. 1 mm. 


8o<»C. 


355.4 mm. 


■fis^c. 


12.7 mm. 


100° C. 


760.0 mm. 



Moist gases, therefore, occupy a iarger volume than those which are dry. (See Air: 
measurement of gases). 

The latent heat of the evaporation of a kilogram of water equals 536.4 
heat units at 100® C. ; /. ^., for the conversion of one kilogram of water 
at loo** C. into vapor of the same temperature a quantity of heat will be 
absorbed capable of raising 536.4 parts of water from 15° to 16®. 

In consequence of the evaporation of water, the gases separating 
from an aqueous solution are always moist. To dry the same, conduct 
them over substances which will take up the moisture, e.g.^ calcium 
chloride, stick ]x>tash, sulphuric acid, ]>hosphoric anhydride (compare 
p. 42). Many solids abstract moisture from the air without chemically 
uniting with it; to dry these let them stand in an enclosed space 
over sulphuric acid, calcium chloride, or phosphorus pentoxide (desic- 
cators). 



Natural Waters, — As water dissolves many solid, liquid, and gaseous 
coiupuunds, alt naturally occurring waters contain foreign admixtures. 
O'hc purest natural water is rain- or snow-water ; it contains about j per 
cent, by volume of gases ( oaygen. nitrogen, argon, and carbon dioxide), 
and traces ol solids (the ammonium salts of nitrous and nitric acids)- 
If water that has been standing exposed to ihe air be heated, the dis- 
solved gases escape in bubbles. 

River and spring waters contain solid constituents in widely varying 
amounts. Water having much lime and gypsum present in it is ordinarily 
known as hard, in distinction from j'l^ water, which contains less lime 
(sec Calcium Carbonate). On boiling lime-waters, most of the impurity 
deposits out. ^Spring water generally contains in addition larger quan- 
tities of carbon dioxide, which im[>art a refreshing and enlivening taste 
to it^ Spring waters holding considerable quantities of solid constitu- 
ents, or exhibiting special healing properties, are called mineral waters. 
These are distingui^ed as saline waters (containing sodium chloride), 
magnesian waters, sulphur waters (hydrogen sulphide), acidulated waters 
(saturated with carbon dioxide), cjialybeate waters (containing iron), 
and others. 

Sea-water contains 3.5 per cent, of salts, chiefly sodium chloride (3. 7 
per cent.), 

I'o purify the natural waters they are filtered (for the removal of 
mechanical admixtures) and, for chemical and pharmaceutical purposes, 
distilled {distilled water) in apparatus of varying form. 

Chemical Prcperiies of Water. — Water is a neutral substance, i. e., it 
possesses neither acid nor basic properties. As we have already observed 
(p. 61), it forms bases with basic oxides and acids with acid-forming 

Despite the fact that the affinity of hydrogen for oxygen is may great, 
water may be decomposed by many substances. At ordinary tempera- 
tures, metals like potassium, sodium and calcium decompose it, with 
liberation of hydrogen : 

aH,0 -)- K, = 3KOH -t- Hr 

Other metals do not decompose it, except at elevated temperatures. 
Steam conducted over ignited iron gives its oxygen to the latter, form- 
ing ferroso- ferric oxide, while hydrogen is set free (pp. 40, 94) : 
3Fe -I- 4H,0 = Fe,0. -|- 4H.- 



u 



Fe,0, -I- 4H, = Fe, -I- 4H,0. I 

(Stepp. Sa,68,M-) 

Chlorine decomposes water in the sunlight ; the decomposition is more 
rapid when the vapors are conducted through heated tubes (p. 5 2) : 
aH,0 + aa, = 4Ha -»- O^ 

Manj cfaemical nactioai «« only cooiplctcd in the ywserict oS toowSut*. ■VtvvA,'^*. 
meuli »re only oxidized «t the ordinary tdDperatuie ■when \>Q<ii oi-'jicn »»i ^Ila«^»M■ ■** 



i 
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present. Iron does not rust in perfectly dry air. Absolutely dry oxygen does not act 
upon the substances which it ordinarily attacks with great energy. PhosphomSy crhon 
and carbon monoxide do not bum, or at least but feebly, in perfectly diy ozjfgen. Drj 
hydrogen chloride does not turn blue litmus red, etc. [Dixon, Ber. 19 (1886), KeC 157 i 
Baker, idii/. z8 (1885), Ref. 426; Lothar Meyer, Ber. 19 (18861, 1099; R. Otlo^ Ber. 
26 (1893), II, 2050; Hughes, tditf, iv, 863 ; Veley, Ber. 29 (1896), I, 577 ; also Got- 
mann, Ann. Chem. 299 (1 898), 267 ; see also p. loi.] 

Electrolysis of Water, — ^The electric current, acting upon water acidu- 
lated with sulphuric acid, decomposes it apparently directly into its ele- 
ments. Hydrogen collects at the negative pole — the kathode, while 
oxygen appears at the positive pole — the anode.* The volume of the 
hydrogen is nearly twice that of the oxygen (pp. 76, 98). | 

The electrolytic decomposition of water is more complex than is ordinarily «appoaed» 
as perfectly pure water is not capable of conducting the current, and b consequently not 
decomposed by it. It is rather the added sulphuric acid which suffers the deoompositioii 
and by means of the water is always reformed (compare the Electrolysis of Sahs). 
Hydrogen and oxygen are merely the end-products of this change. In additioo to 
oxygen, about one per cent, of ozone is produced ; further, sulphur heptozide (penul- 
phuric acid) and hydrogen peroxide are formed at the anode. Some hyarogen pennide 
is produced at the negative pole (the kathode) as the result of the union of nascent 
hydrogen with the dissolved oxygen (p. loi). 

Thernuhchemical Deportment, — Water b formed from its elements with 
the liberation of much heat. 57.2 Cal. are disengaged in the unioD of 
2 grams of hydrogen with 16 grams of oxygen to produce aqueous vapor 
of 100° (H,, O — vapor). In the condensation of the steam to water of 
100° 9.63 Cal. are liberated (= 18 X 0536); this is the latent heat of 
evaporation (see p. 89). And again, in the cooling of the water through 
every i® C, f^|^ Cal. more escape; consequently in cooling from 100® 
to 16® there would be a liberation of 84. j-^yj = i-5 Cal. (see p 66). 
So that in the production of the molecular weight (18 grams) of water of 
16° temperature from its elements there is a total disengagement of 68.3 
large calories : 

(H„ O — vapor) = 57.2 Cal. (H„ O — liquid) = 68.3 Cal. 

The decomposition of water at the ordinary temperature by a metal only takes place 
if the heat of formation of the oxide is greater than that of the water. Sixteen granu of 
oxygen in their union with hydrogen liberate 68.3 Cal., with sodium 100 Cal., and with 
copper but 38 Cal. The decomposition of water by sodium is an exothermic reaction^ 
while that by copper is endothermic (see p. 94). 

* Faraday introduced the following terms, which have been universally adopted : The 
metal wires or ]}lates by which the current enters and passes from electrolytes are called 
the electrodes (otJoc, way) ; the electrode by which the current enters is x\it anode umA fhe 
other through which the positive elatricity has its exit and by which the negative elec- 
tricity enters is the kathode. That part of the electrolyte passing to the anode where it is 
separated or deposited is the anion (tliat which migrates upward — opposite to the cnpteot 
of positive electricity) while the portion going to the kathode and se()arating there is the 
kation (migrating downwards — with the current of positive electricity). Both are called 
ions (iotra, wandering, migrating). As a rule the kations in a compound are replaceable 
by hydrogen ; the anions are simple or compound haiogenides (CI, SO^) (compare the 
Electrolysis of Salts And Electrolytic 1 )issociationV 
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Disteeiatiom »f ff^u^.— Water, like other chemical compounds, is 
broken down into its elements by heat. This was first observed upon 
pouring molten platinum into water, when bubbles of oxyhydrugen gas 
appeared (Grove). This decomposition of water was first ascribed to a 
catalytic action of the platinum. Sainti-Claire Devi lie was the first to 
carefully investigate and explain the decomposition phenomena induced 
by heat, thus disclosing one of the most important chapteis of theoretical 
chemistry. He proved that a decomposition (disoociation) like the 
preceding did not take place suddenly, but gradually ; that it advanced 
regularly with increasing temperature, and was limited by an opposing 
combination -tendency on the part of the components. The temperature 
at which the decomposition is half finished is usually designated as the 
temperature of decomposition. 

Dcville illustrated the decomposition of water by the following experi- 
ment ; Pass aqueons vapor through a porous clay tube, a, cemented into 
a wider non-permeable porcelain tube heated to a white beat in ao oven 




Yvi. 45. 



(Fig. 45).* The water suifers partial decomposition, the lighter hydrogen, 
which patecs through the inner tube into the porcelain tube more rapidly 
than the oxygen, escapes through the gas tube b. The oxygen escapes 
mainly through the inner tube at a. A part of the same diS'uses simul- 
taneously with the hydrogen and reunites with the latter. To avoid this, 
conduct a stream of carbon dioxide through the wider porcelain lube ; this 
will carry out the hydrogen with it. The carbon dioxide will be absorbed 
by the ukali solution in the collecting vessel, and oxyhydrogen gas be 
found in the cylinder. The decomposition of the water commences at 
about 1000°, and is half finished at about 3500°. The quantity of gas 
liberated in equal periods rises successively with the temperature. 

Many other compounds, as carbon dioxide, hydrogen chloride, iodine 
(p. 55), ammonium chloride, phosphorus pentachloride, etc., are simi- 
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larly dissociated by heat. These are all exothermic compoundSy absorb- 
ing energy in their decomposition, and are therefore decomposed but 
gradually, dei)ending upon the amount of energy imparted to them^ In 
these instances heat opposes the affinity of the various components, so 
that if the temperature be lowered there will occur a partial reunion of 
the same. The splitting up of the endothermic compounds is entirely 
different, ^.^., that of potassium chlorate, KCiO,, into potassium chloride 
and oxygen, of ammonium nitrite, NH^NO,, into water and nitrogen, of 
nitrogen chloride into chlorine and nitrogen, etc. Heat is set free in 
the decomposition of these compounds. Any added or external heat 
only incites or brings on the decom])osition and overcomes the chemical 
affinity. Under some conditions there are accompanying explosions; 
there is no reunion of the components on lowering the temperature. 

The explanation of the dissociation phenomena is found in the kinetic theoiy of gues 
(Kivrjaiq^ motion). According to it the heat-motion of the molecules of a gas is mouon 
in direct lines, prbgressive and with uniform velocity. As the temperature rises the 
velocity of this motion increases. Its energy for the molecules of different gases at any 
given temperature is the same. Heavy molecules move correspondingly slower than the 
light molecules. The atoms, too, forming the molecule, have their own peculiar motions, 
which become more energetic with the rise in temperature. By the peculiar motions of 
the atoms — in which the center of gravity of the molecule is not concerned — the internal 
arrangement of the molecule is affected ; it also opposes the action of affinity. Therefore, 
just as soon as, by augmented temperature, the centrifugally active eneigy of atomic 
motion equals or exceeds the affinity, the breaking down of the molecule takes place. 
Further, as a consequence of irregular collision, the molecules do not all possess the 
same velocity at a given temperature ; some move more rapidly, others slower, than the 
main portion ; the former are warmer than the latter^ Only the sum of the existing forces 
of all the molecules is a constant quantity at every temperature. 

The molecules first decomposed are those moving more rapidly and having a temperature 
beyond the average temperature. Their number increases with the temperature. Hence, 
it follows that dissociation also increases with rise of temf>erature. Compare in this 
connection W. Ncrnst and A. Schonflies, Einfiihrung in die math. Behandlong der 
Xaturwissenschaften, 2 Aufl. (1898). 

The dissociation of solids, which when heated develop gaseous ingre- 
dients, is very instructive and remarkable — for example, the decomposi- 
tion of calcium carbonate, CaCO,, into calcium oxide and carbon 
dioxide, of sodium and potassium hydrides (K^H,) into their elements, 
etc. These indicate that the dissociation is not only dei)endent upon the 
temperature but also upon external pressure, and that for every tempera- 
ture there is a corresponding definite tension of dissociation — a pressure 
below which the decomposition will not occur. For further particulars 
on this point see Potassium Hydride and Calcium Carbonate. 

Dissociation, /. ^., the partial decomposition increasing with the tem- 
perature, explains many chemical processes and phenomena. Thus it 
accounts for the abnormal vapor densities, which apparently contradicted 
the law of the equal number of molecules being present in equal volumes 
of gases (p. 79) ; all variations from it arc always due to the breaking down 
of more complex molecules (see Sulphur, p. 106^. The observed vapor 
density affords a clue to the magnitude of the dissociation. The mass 
action in reversible (inverse") chemical reactions is afforded a simple ex- 
planation by dissociation. We have already said that iron raised to a red 
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heat decomposed watcT wiih the separation of hydrogen and the produc- 
tion of ferrous-ferric oxide : 

jFc -I- 4H,0 = Fe,0. -|- 4H,. 

On conducting hydrogen over ignited iron oxides the opposite process 
occurs; the oxygen compound of the iron is reduced and vrater and iron 
are formed: 

Fe,0, + 4H, = 3Fe + 4H,0. 

In ihe firit iosUnce Ihe exceu of water acts. Some of its rwIfcuIfs are diuociated ; 
oxygen comlMnei with iror, while tbe liberated hydrogen is urried ■way by the excess 
oi sleani- In the second cast, we can suppose that sooie of the hydrogen molecules are 
dissociated, Ihe free hydrogen atoms withdraw oxygen from (he iron oiide and fonn water 
with it, which is removed by the excess of bydn^en, and thus prevented from acting on 
the redaceil in>a. 

If, however, iron and steam be heated in an enclosed space for eveiy temperature 
above 150°, where aclioti begins, there will occur a stale of equilibiium : ferrous ferric 
oxide, iron, water, and hydn^en will be present together in a ratio which dues not alter 
for any definite lemperalure, r. t., in a definite pcric^ of time as much iron will be pro- 
duced from the ferrcus -ferric oxide tnr Ihe hydrogen as is Qiidized by the water to ferrous- 
ferric oxide. This may be eipreued thus : 

Fe,0, -t- 4H. ^ 3 Fe + 4H,0. 
(See pp. 5a. 68, 91.) 

Similarly, hydrogen chloride is decomposed at a red heat by oxygen 
with the formation of steam and chlorine gas, while in turn steam and 
chlorine gas are transposed into hydrogen chloride and oxygen. As 
hydrogen chloride is more stable than water and only dissociated at 
high temperatures, its formation is the predominating process at a red 
heat. Here, however, in the course of time, a state of equilibrium 
appears for every given temperature and pressure. 

The invesdgation of the dependence of this slate of equilibrium upon lemperalure, 
pressure, duration of action, Ihe quantities, concentration, and soluhility-proporlions of the 
reacting substances, has become of the greatest importance for theoretical chemistry, for 
the reason thai here for the hrat time chemical phenomena are capable of a tnathemalical 
treatment. The fundamental invesligations, both theoretical and experimental, made 
upon the law of mass-acticm, which will not be entered upon here, are due to the Nor- 
wegians C. M. Guldbei^ and P. Waage [£tudes sur les aflinitis chimiques, Fr<^. de 
1'UniTenit« Christiania, 1867. See also Jr. prakt. Ch. [3] 19 (1879), 69]. For study 
use the works, referred to on p. 49, by Lothar Meyer ; also the Tlieorelica] Chemistry 
by W. Nemit, 3 Aufl., 1898. 



THB QUANTITATIVB COlfPOBlTlOH OF WATER. 

The weight and volume relations by which hydrogen and oxygen com* 
bine to form water constitute the most important basis for the determina- 
tion of theratio of the atomic weights of these two elements to each other. 
To determine this ratio with such accuracy that no question can longer 
exist has been the purpose of innumerable investigationf«> '^-time of 
Dalton. Numerous difliculttes had to be surmounted. ind 

particularly when seeking to obtain the gases perfeo ng 
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them, in measuring them, and in endeavoring to combine them. The 
judgment, care, and untiring patience requisite for the solution of thisap- 
[tarently simple problem may be gatliered from the magnificent researcbo, 
already referred to, of the American Edward W. Moricy (pp. 44, 73)- 

Tbe composition of water has been chiefly determined by its synthesii 
which can be followed quantitatively in its details, as both oxygen and 
hydrogen, as well as the water produced from (hem, are weighed. The 
hydrogen is liberated either by the electrolysis of dilute sulphuric acid 01 
sodium hydroxide (Thomsen, p. 41), and according to Keiser, is best 
weighed as palladium hydride (p. 46). The oxygen is obtained by heat- 
ing potassium chlorate. Chemists have frequently been satisfied, instead 
of weighing the three bodies, hydrogen, oxygen, and water, to merely 
weigh two of them. This was true of Bcrzelius and Dulong (1819), Eid- 




Fig. 46. 



mann and Marchand (184a), and Dumas (1843), who proceeded according 
to a method which has become classic: hydrogen was conducted ovet 
igniied copper oxide, which was reduced to metallic copper, with the 
formation of water : 

CuO + H, =^ Cu + H,0, 
Cupiic oxide. Copper. 

Heat a weighed portion of cupric o\ide (containing a definite amount 
of oxj'gen) in a stream of pure, dry hydrogen, and weigh the quantity of 
water obtained. The operation can be executed in the apparatus rcpn- 
senled in Fig. 46. It was emploved liv Dumas. The hydrogen gener- 
ated in the fiask A is wa.shed in B, and then dried in the tubes C, Z>, asd 
E, which contain substances that will absorb water. The bnib tube/, 
of difficnltly fusible glass, contains a weighed amount of cupric oxide, and 
is heated with a lamp. The water wiiich forms collects in the bulb G, 
and is completely absorbed in the tube ff. Hydrogen is led over tbe 
cupric oxide until it is reduced to red metallic cop^ier, then allowed to 
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cool, when ^ is weighed aloDcand (7 and /f together. The loss in weight 
of JJ'expresses the quantity of oxygen which has combined with hydrogen 
to produce water. The increase in weight of Gand //"gives the quantity 
of water that was formed. The difference shows the amuunt of hydrogen 
in water. 

Cooke and Richards modified this method in that they conducted a 
weighed amount of hydrogen, by means of a dry air current, over the 
ignited copper oxide, and then determined the weight of the water 
which resulted. 

The composition of water by weight can also be ascertained from the 
ratio of the specific gravities of the two gases and the volume ratio 
according to which they combine. The most recent researches (Scott, 
Leduc, Morley) indicate that 3.0017 volumes of hydrogen unite with 1 
volume of oxygen to form water. As one liter of oxygen weighs 1.4291 
gram and one liter of hydrogen 0.0898S gram, their weight ratio in water 
would be 

1.4191 : 1.0OZ7 . 0.0898S = 16 : 2.0153. 

Thus we ascertain that in 100 parts of water, by weight, there are 

II.l puts Hydrogen 
SS.8 '* Oxygen 
iooo " W«ier. 

Ostwald in his Letitbach der allf^eincine 
review of the histoiy of Iheie importuil Id 
Morley uid of Thomsen (p. 44). 



The molecular weight of water according to Avogadro's law is 18.03 
and that of hydrogen is 1.03 if the molecular weight of oxygen be placed 
at 33. As to the number of atoms combined to a. molecule we can con- 
clude from what has been previously said that the molecules of hydro- 
gen, oxygen, chlorine and hydrogen chloride contain at least two atoms 
each (p. 75). The facts about to be presented make it probable that 
these molecules do not consist of more than two atoms and that the 
molecular formula H,0 represents water (p. 73). 

One volume of aqueous vai>or contains only one-half as much oxygen 
as an equal volume of oxygen gas, and in an equal volume of any gaseous 
oxygen compound less oxygen has never been observed. Hence it may 
fairly be concluded that there is only one atom of oxygen present in the 
moleculeofwater, and that the oxygen molecule itself consists of two atoms. 

Again, one volume of aqueous vapor contains just as much hydrogen as 
an equal volume of hydrogen gas, and twice as much as hydrogen chlo- 
ride gas. Since, therefore, in equal volumes of other gaseous bodies less 
hydrogen and less chlorine, than in hydrogen chloride, have never been 
observed, it may be assumed that the molecule of hydrogen chloride con- 
tains one atom each of hydrogen and cWonne, ^tid ^wivVw >i\a.x ^Ix* 
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hydrogen molecule consists of two atoms of hydrogen, the water moleaik 
of one atom of oxygen and two atoms of hydrogen. In this manner 
we arrive at the molecular and atomic weights given on p. 79 ; whereby 
the atomic weight of hydrogen 1.008 is reduced to i.oi. 



It seems practicable, for considerations like those given, to introduce 
terms. As the specific volume Vs of a gas we have designated that volume whkfa i 
gram of the gas would occupy under nornud conditions (p. 45). The qnaotity of a «ib> 
stance expressed by the molecular weight in grams should be termed toe grtuH-wtgUimk 
or the fuol. One mol of oxygen would then under normal conditions be 32 gnuns. The 
volume Vm, which would be occupied by I mol of a gas of the molecular weight M under 
normal conditions — the molecular itolume — would be the specific volume multiplied by 
the molecular weight : 

Vm = Vs . M = 22.4 liters. 

The mol- volume is the same for all gases : a new expression for the so-caned Avo- 
gadro law. It equals 22.4 liters ; 1. e.^ 2.02 grams of hydrogen (H,), 70.9 grams of 
chlorine (CI,), 36.46 grams of hydrogen chloride (HCl), 32 grams of oxygen (O,), l8.ot 
grams of aqueous vapor occupy under normal conditions a volume of 22.4 liters. Tbii 
is only approximately correct because of the deviations of gases from the requirements of 
their laws. What has been said in the preceding lines may be expressed thus : Since m 
22.4 liters of a homogeneous gaseous compound never less than 1. 01 gnuns of hydrogen, 
35.45 grams of chlorine, 16 grams of oxygen, etc., have been discovered, h may be con- 
cluded that these express their atomic values. 

After having thus derived the molecular formula of water, and the atomic 
weights of oxygen and of hydrogen, we deduce the following conclusions: 

I. Sixteen parts by weight of oxygen occupy the same volume as i.oi 

parts by weight of hydrogen ; since 1 6 partsof 
the former unite with 2.02 parts of the lat- 
ter in the production of water, one volume of 
oxygen must combine with two volumes of 
hydrogen. 

2. In equal volumes we have aa equal 
number of molecules ; n molecules of oxygen 
(O,) unite therefore with 2n molecules of 
hydrogen (H,)j the same yield %n mole- 
cules of water j consequently two volumes of 
aqueous vapor : 




2nH, 

3 vols. 



+ 



nO, 
I vol. 



2nH,0. 
3 vols. 



According to the above, two volumes ofky' 
drogen and one volume of oxygen condense in 
their union to two volumes of aqueous vapor. 

These conclusions are confirmed by the 
following experiments: 

I. WTien water is decomposed by the electric 
current in a voltameter, or, more suitably, in Hc^- 
mann\s apparatus (Fig. 38, p. 77), it will be found 
that the volume of the separated hydrogen is double 
Fig. 47. that of the oxygen. This can also be proved syn- 

thetically. Introduce I volume of oxygen and 2 
volumes of hydrogen into a eudiometer tube filled with mercury (see Air), and let the 
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electne spark pM* ihnmgh tbe mixture. This will uniie the Iwo gues, > small q^uaiiiitjr 
of water lonniBK at the nine time ; all the gas hu disappeared, and Che tube is com- 
plelelf filled wiih meicury. In place of the eudiometer, the apparatus (devised by Hof- 
roann) pictured in Fig. 47 may be advantageously employed in this eijieriment {and 
alio in many otben). It consists of a U-shaped glass tube, one limb of which, open 
above, is provided below with an eiil lube. The other limb really represents a eudi- 
omeler ; it is divided into cubic centimetets. It has two plslinum wires fuse<l inio the 
upper end, and provided withastiq>-cock to admit and let out the gases and Ihus test (hem. 
Fill the tube to the atop-cock with mercuiy, and run into the eudiometer limb I volume 
of oxygen and 2 volumes of hydrogen. The aide exit lube serves to run out (be 
mercury to the same level in both lubes, so that the gases are always measured under 
(he same aCmospherie preaaure, and thus their volumes are easily compared. 

2. To detennine the volume of the resulting water existing as nqueous vapor it It 
only necessary, after (he exploNon, to convert it by heal inlo sleam. The apparatus 
(P1g. 4S1 will answer for this purpose. This is essentially the same as that pictured in 
I^'E' 47> *>th the eudiometer limb closed above and surrounded by a wider tube- 
Through the latter cooducl (he vapors of some liquid boiling above loo" C. (toluene, 
lylene or antUne). Tbeae, then, pass (hrough (he envelope B, and are again condensed 




in tlie qiiral Inbe C The qnantitiei of hydrogen and oxygen uaed are healed to the aanie 
(emperature, tbeii Tolnine Doted, (he eiplouon produced, and (he volume of (he result- 
ing aqueous vapor dderouned. From this it is found that tbe volume of hydrogen is ^ 
of the volume of the gas mixture ; and 3 vohmies of oiyhydrogen gat yield 2 voliuuei 



3. HYOKOQEN PEROXIDE. 

la addition to water, oxfgen forms aoother compound with hydrogen, 
known u hydrogen peroxide. It was discovered by Th^ttard in 1S18. 
It is produced by the action of dilute acids upon certain {leroxides, such 
as those of sodioin, calcium and barium. It is usually obtained by the 
actioD of bydfocbloric acid npon barium peroxide : 

B^ + 2Ha = BaCI, + IVV 
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Barium peroxide made to a paste with a little water (better, the hydrate — see Barium) 
is introduced gradually, in small quantities, into cold hydrochloric acid, diluted with 3 
volumes of water. Hydrogen peroxide and barium chloride result ; both are soluble in 
water. To remove the second from the solution, add to the latter a solution of silver sul- 
phate as long as a precipitate is formed. Two insoluble compounds, barium sulphate and 
silver chloride, are produced by this reagent : 

BaCl, -I- AgjSO^ = BaSO^ + 2AgCl. 

Remove the precipitate by filtration and concentrate the aqueous solution. It now con- 
tains only hydrogen peroxide. 

In making the peroxide, carbon dioxide may be allowed to act on 
barium peroxide suspended in water : 

BaO, -I- CO, + H,0 = BaCO, -f- H,0,. 

The insoluble barium carbonate is filtered off and the filtrate concen- 
trated. 

Hydrogen peroxide is most practically obtained by adding moist 
barium hydrated peroxide (see Barium) to cold dilute sulphuric acid. The 
reaction occurs according to the following equation : 

BaO, -I- H,SO^ = BaSO^ + H,0,. 

When the acid is almost neutralized, filter the solution, and from the 
filtrate carefully precipitate the slight quantity of free sulphuric acid with 
a dilute barium hydroxide solution, then concentrate the liquid. Dry 
commercial peroxide of barium is not applicable for the above. A dilute 
solution of hydrogen peroxide is very readily prepared, if sodium peroxide 
(obtainable by fusing sodium in the air) is added to dilute tartaric acid. 

A 45 per cent, solution can be readily made by evaporating the dilute aqueous hydrogen 
peroxide solutions on a water-bath at a temperature not exceeding 70®. The loss will be 
very slight. By extracting such a solution with ether and allowing the latter to evaporate 
a more concentrated product can be obtained and finally an almost anhydrous peroxide 
will remain. 

The simplest means of preparing very pure hydrogen peroxide (99.7 per 
cent.) consists in distilling the aqueous solution (for example, the commer- 
cial 3 per cent, solutions) under reduced pressure. At 84-85®, under 
68 mm. pressure, or at 69.2^ and 26 mm. pressure, almost perfectly anhy- 
drous hydrogen peroxide distils over [Wolffenstein, Ber. 27 (1894), 11, 
3307; Spring, Zeit. f. anorg. Chem. 8 (1895), 4^4; Briihl, Ber. a8 
(1895), "* 2847.] 



Besides these decompositions of metallic peroxides, other methods exist for preparing 
hydrogen peroxide (in small quantity). Thus, it arises frequently in slow oxidations, when 
ozone is also ])roduced. If phosphorus, covered with water, be allowed to oxidize in the air, 
hydrc^en peroxide will be found in the water, and the surrounding air will contain ozone 
(p. 85). Or, if a flask filled with air be shaken with zinc and water or dilute sulphuric 
acid, hydrogen peroxide will be produced. It is destroyed again by the prolonged action of 
the zinc. If zinc amalgam, in the presence of milk of lime, be shaken with caustic potash, 
calcium peroxide, CaO„ will be at once precipitated. Copper, lead, iron, and other heavy 
metals do the same when agitated with more or less dilute sulphuric acid, and we find the 
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oflen, slight quantities of hydrogen peroxide {and oione), t. g., in bringing a liydrc^n o: 
carbon monoiide flame in ranUct with water (Traiibe, Iter. 16 (1893], "• '47'i '47^ • 
The eiplaoadon oflered for this formation of hydrogen peroxide (and oione) is, that in 
■he oxidations, the oxygen molecules are torn asunder, and the nascent oxygen atoms 
oxidiie the water to a slight degree to hydrogen peroxide, and oxygen lo oione. The 
rare occurrence of oione is due either lo its difhcult formation, or to the fact that it is 
readily decomposed by the reacung bodies (zinc, etc.). This is also the case with hydro- 
gen peroxide. The appearance of hydrogen peroxide in the oxidation of phot>phorus 
seems to proTe that it Can be formed by Ihi Qxidalion of wiiltr. This seems to tw con- 
firmed by its production on shaking turpentine oil with water and aJr. or if ozuiie be con- 
ducted into ether, and the oioniied product shaken with water. It appears probable, 
however, that in lome oxidation reactions, the fomwtion of the hydrogen peroxide is a 
consequence of the rtduftion of oxygen ( Hoppe-Seyler and Traube). It may, for ex- 
ample, be assumed that when xinc (lead, iron) is ^aken with air and water (or dilute 
sulphuric acid), the latter is decomposed in such a manner that the hydroxy! group com- 
bines with the xinc to hydroxide, and the liberated hydrogen then yields hydrogen 
peroxide with ox^en : 

Zn + 2OHH + O, = Zn(OH), -f H,0,. 
Zn + H,0, = Zn(OH),. 

is found in the electrolysis of water, where we discover 
„ _ , , „ he negative pole (where hydrogen is found if air or 

Dxygen be condticted through the solution, sH -(- O. — H.O,. It is rerilied, too, in 
Ihe producdoD of hydrogen peroxide upon shaking palladium hydride with water and air 
(Traube) : 

Pd,H, + O, = 4Pd -I- H,0,- 

The excess of p«lladitun hydride further decomposes the peroxide which was formed : 

Pd,H, -H H,0, = 4Pd + 3H,0. 

In all these examples we can explain the formation of the peroxide by Ihe action of 
nascent hydrogen upon oxygen. It is, however, not true that hydrogen peroxide is 
formed only by the reduction of molecular oxygen [see above). An evidence of this is 
the fact that hydrogen peroxide is produced at the anode in the electrolysis of sulphuric 
acid ; its appearance here is due to the decomposition of the persulphuric acid (H,S,0,) 
(Richari). 

The pioduction of hydrogen peroxide in oxidations has led to the assumption that all 
oxidations are conditioned by the transitory formation of hydrogen peroxide— Traube' s eii- 
dation Ikrery. It was supposed that the proof of this could be found in the circumstance 
that various oxidations, r. g., the union of carbon monoxide with oxygen to form carbon 
dioxide, could only occur with ease in Ihe presence of aqueous vapor (Uixon) : CO ■\- 2OHH 
+ O, - CO, + H,0 + H,0,. More careful investigations have, however, demonstrated 
that the presence of mtnsture is not absolutely esse nliai in oxidalions. Carbon monoxide 
and oxygen also combine lo carbon dioxide when perfectly dry if the temperature be suf- 
ficiently high. Their union in the presence of moisture is due solely to the fact that the 
following truispoiilions, CO + H,0 = CO, \- H, and iH, + O, = aH.O, take place 
more readily and at a lower temperature than Ihe direct union of carbon monoxide with 
oxygen : aOO -f O, = 2CO, (Lothar Meyer ; see p. 91). 



Hydrogen peroxide, concentrated as much as possible under diminished 
pressure, isacolorless, syrupy liquid which is blue in color in a thick layer. 
It does not congeal as readily as water. Its specific gravity at 15°, referred 
to water at thesame tempeiature, is 149. It vaporizes on exposure to the , 
air. It produces a burning sensation and white spots when applied to the 
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skin. It sometimes explodes spontaneously with great violence. Its 
aqueous, rather concentrated solutions react acid and have a biltcr, 
astringent taste. Hydrogen peroxide is not nearly so sensitive to heat 
as was formerly supposed, provided that all alkaline-reacting compounds 
and chemically active solids are absent. It is miscible in all proportions 
with water. Mixtures of the composition H,0, -J" H,0 and HJO^ -f- 2H«0 
solidify below — 20°. Upon warming solutions containing more than 
40 per cent, of hydrogen peroxide, the latter volatilizes in large amounts 
with the aqueous vapor and for the most part without decomposition 
(WolfTenstein, p. 100). 

In concentrated solutions, it is very unstable, and easily decomposed 
with liberation of oxygen ; in more dilute acidulated solutions it may be 
preserved longer. According to Spring, substances such as ether and 
alcohol, which reduce the surface tension of the liquid, tend to make its 
solution more durable, whereas bodies like caustic potash, etc. » which 
increase the surface tension, hasten the breaking down of the hydrogen 
peroxide. In consequence of its ready decomposition, hydrogen peroxide 
oxidizes powerfully, since oxygen appears tn statu nascendi (p. 53). It 
converts selenium, chromium, and arsenic into their corresponding acids; 
sulphides are changed to sulphates (PbS to PbS04); from lead acetate 
solutions the peroxide is precipitated, but is again decolorized by the 
excess of hydrogen peroxide. Organic dyestuffs are decolorized and 
decomposed. From hydrogen sulphide, sulphur, from hydrogen chloride 
and iodide, chlorine and iodine are set free : 

H,0, -f 2HI = 2H,0 -f I,. 

Sulphurous acid is oxidized to sulphuric acid : 

n,SO, + H,0, = HjSO^ + H,0. 

Thus hydrogen ])eroxide acts in a manner analogous to ozone; in both 
there exists a loosely combined atom of oxygen, which can readily be 
transferred to other bodies. 

Hydrogen ])eroxide acts very slowly upon a neutral p>otassium iodide 
solution, while ozone separates iodine at once ; but if platinum-black, fer- 
rous sulphate, or blood -corpuscles (see p. 88), be added to the solution, 
iodine immediately separates, and colors added starch-paste a deep 
blue. 

In all these cases the action of hydrogen peroxide is oxidizing. Some 
substances, on the other hand, are reduced by it, oxygen separating at 
the same time ; this is true of certain unstable oxides, f)eroxides, and the 
highest oxidations of some metals, like MnjO^, and CrOj. Thus, argen- 
tic, mercuric, and gold oxides are reduced to a metallic state with an 
energetic evolution of oxygen : 

Ag,0 -f- II,0, = 2Ag + H,0 + O,. 

Lead peroxide is changed to lead oxide : 

Pl)0, -j- H,0, = PbO -h H,0 + O,. 

In the presence of acids, the solution of potassium permanganate is 



REACTIOhS »UR rHZ DETECTION OF HYDROCEN PEROXIDE. I03 

decolorized and changed to a m 
way chromic acid and its sails a: 

aCiO, + 3H,0, = Ct,0, + iHfi + 3O,. 

Ozone and hydrogen peroxide gradually decompose into water and 
oxygen : 

O, + H,0, = O, + H,0 + Or 

Chlorine in aqueous solution is oxidized to hypochlorous acid by 
hydrogen peroxide, Clj -|- HjO, ^ 3HOCI, but is again reduced by an 
excess of the latter : 

HCIO + H,0, = HCl + H,0 + O,. 

Finally, hydrogen peroxide may be decomposed into water and oxygen 1 
by many bodies, especially when the latter exist in a divided condition ; j 
they are not in the least altered. Gold, platinum, silver, manganese per- \ 
oxide, and carbon act in this way. Such reactions, in which the 
reacting substances undergo no perceptible changes, are designated eafa- 
lytic (xarcbluw, I open) (compare p. loa). In many cases these may be 
explained by the previous formation of intermediale products, which 
subsequently react upon one another. Thus, we can suppose that in the 
action of silver and gold upon hydrogen peroxide oxides first result, but 
these are afterward reduced by it in the manner mentioned above (see 
p. 87). 

RBACTIOKS FOR THE DETBCTIOK OP HYDROGEN PEROXIDE. 

Hjdrog«i pennide d«omposes polassium iodide very slowly ; in the presence of ferroui *»* 
lul plnle , bowevei, iodine separates at once, and \% lecognized by the blue color il yields /fiA 
wTfKsUrcb- paste In the same way guaiacum tincture, in the presence of feiiDus sul- 
phate, is immediately colored blue, and an indigo solution is decoioriied. The most 
characteristic test Tot the peroxide is (he fullowing ifintroduce hydrogen pennide into a 
chromic acid solution, add a little ether and sbake lEoroughly ; the supernatant ethereal 
layer will be colored blue (compare Chromic Acid)^ 

A solution of titanic acid in sulphuric acid (dililled strongly with water), is also a deli- 
cate reagent ; il gi*ei an orange-yellow color wilh traces of hydrogen peroxide. This 
reaction can also be applied in the pivsence of persulphuric acid. 

Hydrogen peroiide Is determined quantitatively by oxidation with potassium pemian- 
^Tute [see Manganese). The laUer is added to the solution, acidified with sulphuric 
■cid, until a permanent coioratioo occurs. The reaction prxxeeds according to (he 
equatioo : 

aKMnO, + 3H,SO. + sH,0, = jMdSO, + K^, + 8H,0 + sO,. 

Or the liquid to be examined (run.waler) (or hydrogen peroxide is shaken in a stop, 
percd glass with • 5 per cenL solution of polassium iodide and some starch-paste, 
allowed to rtand Kveral hours, and the iodirte which separates is then determined color- 
imetfically (Scbflne). 

ITterm^-chtmical Deparimtnt. — The great reactivity of hydrogen per- 
oxide, its various modes of formation and its transpositions are fully 
explained by its thermal relations. Compared with water, it, like 
ozone, is an endoihermic compound, /. e., it contains more energy than 
water : (H,0,0) = — 33 Cal, Therefore, its formation from the latter 
requires the addition of energy. lu production by the oxidation of 
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water is exceptional, and occurs with difficulty. It loses energy (heat) 
and readily changes to more stable water. Like ozone, its oxidations 
proceed more energetically than those with free oxygen, because 23 
Cal. more are disengaged. 

The production of hydrogen peroxide by the transposition of barium 
peroxide and hydrochloric acid proceeds with the liberation of heat : 

Bad, + 2HCl,Aq = BaCl^Aq -f H,0, . . . +22.0 QO. 

Hydrogen peroxide is similarly formed from other peroxides, e, g.^ 
potassium, calcium, and zinc peroxides. The superoxides or dioxides 
of manganese and lead (MnO, and PbO,) do not yield hydrogen perox- 
ide with acids. This is due to the fact that they are difTcrently con- 
stituted chemically from the other i)eroxides. 

Hydrogen peroxide occurs in slight quantity in the air and is detected 
in almost all rain-water and in snow — but not in natural dew and frost. 
Its quantity varies from 0.5 to i milligram in a liter of rain. Its forma- 
tion in the air is probably induced by the action of ozone upon ammonia, 
whereby ammonium nitrite, hydrogen peroxide, and oxygen result (Carius). 

Analysis shows that hydrogen peroxide consists of i.oi parts of hydrogen 
and 16 parts of oxygen ; its simplest formula would therefore be HO. 
The difficult volatility of the compound, and the reactions already 
described, cause us to believe that the molecule of hydrogen peroxide 
is more complicated, and is expressed by H,0,. It is supposed that the 
peroxide is composed of two groups of OH, called hydroxy!; these arc 
combined with each other : HO — OH. 



2. SULPHUR. 

Atom : S => 32.06. Molecule : Ss = 64.12 (above 1000^ C). 

Sulphur is distributed throughout nature, both free and in a combined 
state. I n volcanic regions, like Sicily, it occurs free, and there it forms 
vast deposits, mixed with gypsum, calcite and marl. Its compound s 
with the metals are known as blendes or glances. In combination with 
oxygen and calcium it forms calcium sulphate, the widely distributed gyp- 
sum. It is also present in many substances of the vegetable and animal 
kingdoms — e. g , in the albuminoid bodies. ( It is interesting to note that 
many bacteriae and algae contain as much as one-fourth of their weight 
of sulphur.) 

To obtain sulphur, the natural product in Sicily is arranged in heaps, 
covered with earth, and then melted, or it is distilled from earthen 
retorts . To further purify this crude commercial product it is redistilled 
from cast-iron retorts, and when in a molten condition is run into cylin- 
drical forms — stick sulphur. If the sulphur vapors are rapidly cooled 
during distillation (which occurs by conducting them into a stone 
chamber through which cold air circulates), they condense to a fine 
yellow powder, known as flowers of sulphur (Flores sulphuris). 
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Sulphur may >1>e y^taJned byMieatJng the well-known pyrites (FeS,) 
away from air contact. 

Appreci>ble quuititiesof sulpburareobtuned from ihe nuterial used in purifying gu — 
Ijiining's subaunce (fciric hfdnte, lime aiid scvrdiut ; which finally contains iron sulphide 
and sulphur), as well as in the LeBlanc soda process (see Soda). 

Free sulphur exists in several allotrgpic modifications (see p. 87). 

I. Ordinary octahedral or rhombic sulphur exists in nature in btaati- 
ful, well-crystallized rhombic octahedra (p. 35)- It is pale yellow, hard a nd 
very britt le: on nibbing, it becomes negatively elcclrified. The sjiecific 
gravity of this variety equals 3.07. (It dissolves with difficulty in alcohol 
and ether; but is more readily soluble in hydrocarbons and ethereal oils) 
The best solvents are su lphur monochlori de (S,C1,) and c arbon bisulphid e 
(CS,); 100 parts of the latter at 12" dissolve 46 parts of" suljihur. By 
slow evaporation of the solutions sulphur crystallizes in transparent, lus- 
trous, rhombic octahedra, like those occurring in nature. It fuses 
at 114.^° C. to a yellow, mobile liqiii d, which upon further healing be- 
comes dark and thick, and at 350° is so viscid that it cannot be poured 
from the vessel containing it. Above .^00" it again becomes a Itiin 
liquid, boils at 448°, and is converted into an orange -ye l low vapor 

a. The prismatic 01 monoclinic sulphuric obtained from the rho m bi c 
when the latter is heated to its point of fusion ; on cooling, it generally 
assumes the monoclinic form (rhombic crystals separate at 90° from 
sulphur which has been heated beyond the point of fusion). The mono- 
clinic crystals are best obtained as follows: Fuse sulphur in a clay cruci- 
ble, allow it to cool slowly until a crust appears on the surface; break 
this open near the side and pour out the liquid portion. The walls of 
the crucible will be covered with long, somewhat curved, trans|)arent, 
brownish-yellow needles, or prisms of the monoclinic system. The same 
are obtained when a solution of sulphur in carbon bisulphide is heated to 
100°, in a sealed tube, and then gradually allowed to cool; mono- 
clinic crystals at first separate, and later, at lower temperatures, rhombic 

octahedra. The monoclinic crystals separated from the solntiop aw 

almost colorless and i>erfectlv transparent. "^ 

Priimalic or octahedral crystals may be obtuned from a supersaturated benzene 
solulion of sulphur, by adding imall fragments of the corresponding crystals to the 
solution. 

This form of sulphur has a l ower specific gravity (^1.96) and fuses 
above 1 30'. It is soluble in the same solvents as the rhombic variety. It 
is very unstable ; the transparent prisms and needles l>ecome oi>aque and 
pale yellow at ordinary temperatures, and specifically heavier, and pass 
over into an aggregate of rhombic octahedra retaining the external pris- 
matic form. ^Stick sulphur deports itself similarly; the freshly moulded 
sticks are composed of monoclinic prisms, but in time their specific 
gravity changes and they are converted into the rhombic medificatiori) 

3. Soft, plastic sulphur a.p'pea.n to consist of two modifications. It is 
obtained when sulphur heated above 330° is poured in a thin stream 
into water ; it then forms a soft, fusible m^, of a yellowish-brown color. 
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and its specific gravity equals 1.92. In a few days it hardens, and is 
converted into the rhombic variety. At 95^ the conveision- is instan- 
taneous and accompanied by the evolution of considerable heat. It is 
only partly soluble in carbon bisulphide, leaving an amorphous powder 
undissolved — amorphous insoluble sulphur. As it reverts to the rhombic 
at 100^ molten sulphur must be quickly chilled in order to obtain much 
of it. It is also produced when light acts upon dissolved or fused sul- 
phur, and in the decomix>sition of the halogen-sulphur compounds by 
water, flowers of sulphur, obtained by cooling sulphur vapor quickly^ 
are for the most part insoluble in carbon bisulphidO 

On adding hydrochloric acid to polysulphide solutions of potassium or 
calcium, sulphur separates as a fine, white powder, known as niik ofsu^imr 
(Lac sulphuris) : 

K^Sj + 2HCI = 2KCI -h H^ + 4S. 

This is amorphous, soluble in carbon bisulphide, and gradually passes 
into the rhombic form. 

The existence of these various modifications of sulphur, like that of ordi- 
nary oxygen and ozone, may be attributed to the fact that the sulphur 
molecules do not, under all circumstances, consist of the same number 
of atoms. This supposition is confirmed by the deportment of sulphur 
vapor. The density of the latter at 500^ has been found to equal 
192 (O, = 32). The vapor density steadily diminishes with increase of 
temi)erature and becomes constant at 1000^, and equals 64. (Since 
the atomic weight of sulphur equals 32, it fallows that at 1000® its 
molecules consist of two atoms (S, = 64 = 3 2 X 2). At lower temperatures 
the sulphur vapors appear to contain molecules consisting of more than 
two atoms ; thus at 500^, where the vapor density equals 192, the molecule 
consists of sixatoms^ According to this the hexatomic sulphur molecules 
dissociate, on furtherneating,and break down into normal diatomic mole- 
cules ;(the dissociation begins at 700^ and is complete at looo^see p. 93). 
Since, therefore, the sulphur molecules in vapor form consist of two 
atoms at very high temperatures and of more atoms at lower, we may 
assume that the molecules in the liquid and solid condition are more 
complicated, and that the various allotropic modifications are influenced 
by the number of atoms contained in the molecules. Other solid metal- 
loids — e. g.j selenium, phosphorus, arsenic, carbon, and silicon— occur in 
different modifications. As yet we have no means of ascertaining the 
molecular size of the elements in liquid and solid conditions; there is 
much, however, favoring the idea that when free they consist of complex 
atomic groups. Another explanation of allotropy will be given in con- 
nection with the different varieties of phosphorus. 



Chemical Properties, — In its chemical behavior sulphur is very similar 
to oxygen. It unites directly with most of the elements. It ignites and 
burns with a pale bluish flame, forming sulphur dioxide (SO,) when 
heated to 260^ in the air. This union with oxygen occurs gradually 



BYDROOEN SULPHIDE. 



107 



even at lower temperatures (about 180°); in the dark it isaccompoDied 
by a white phospboresccDt flame. Nearly all the metals combine with it 
to form sulphides. By rubbing mercury, flowers of sulphur and water 
together, we obtain black mercury sulphide. A moist mixture of iron 
filings and sulphur glows after a time. Copper and iron bum in sulphur 
vapor. 

The sulphides are analogous to the oxides, exhibit similar reactions, 
and in the main possesa a similar composition, as may be seen from the 
following formulas: 



H,0, WWer. 
KOH, Polusium hrdnU. 
BaO, Barium oxide. 
COj, C»tbon dioiide. 
K,CO^ Potauium carbonate. 



H,S, Hydrogen tulptude. 
KSH, PoUmiuin mlpbrdrate. 
BaS, BuhuD nilphide. 

K,CS„ Potassium lulphocaTbonate. 



COMPOUNDS OP SULPHUR WITH HYDROGEN. 

1. HYDROQBN SULPHIDE. 

H,S-J4*8. 

In nature hydrogen sulphide occurs principally in volcanic gases and 
in the so-called sulphur waters (p. 91). It is always produced in the 
decomposition of organic substances containing sulphur, particularly the 
albuminoids by which the sulphates, e. g., gypsum, are reduced with the 
formation of hydrogen sulphide. Hence the occurrence of the gas in 
eggs, sewers, etc. It may be formed directly from its constituents, 
although in small quantity, if hydrogen gas be conducted through boil- 
ing sulphur, or if sulphur vapors, together with hydrogen, be conducted 
over porous substances (pumice-stone, bricks) heated to 500°. Many 
sulphides are reduced upon ignition in a stream of hydrogen, with sepa- 
ration of hydrogen sulphide: 

Ag,S + H, =. lAg + H^. 

For its production acids are allowed to act upon sulphides. Ordi- 
narily iroD sulphide and diluted sulphuric acid are employed ; the action 
occurs at ordinary temperatures : 

FeS -t- H^. = FeSO, + H,Sl 
Iron Sntphonc F'emHi* 
nlplild*. arid. lulphite. 

The operation is performed either in a Kipp apparatus (p. 43) or in the 
one pictured on p. 43. Hydrogen sulphide thus obtained contains ad- 
mixed hydrogen, in consequence of metallic iron existing in the sulphide. 
The pure gas is obtained by heating antimony sulphide with concentrated 
Jiydrochloric acid : 

ShA + «Ha = aSbCI, -I- 3H,S. 
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Properties, — Hydrogen sulphide is a colorless gas, having an odor sim- 
ilar to that of rotten eggs; inhaled in large quantities it has a stupefying 
effect, and is very i>oisonous. At medium temperatures it condenses 
under a pressure of 1 7 atmospheres (under ordinary pressure at — 74*) to 
a colorless liquid of specific gravity 0.9, which boils at — 63.5^ under 760 
mm. pressure, and at — 91® solidifies to a white crystalline mass. It is 
1. 18 times heavier than air. One volume of water dissolves 3 or 4 times 
its volume of the gas ; the solution possesses all the properties of gaseous 
hydrogen sulphide and is therefore called hydrogen sulfiiide water. 

Ignited in the air the gas burns with a blue flame, water and sulphur 
dioxide resulting : 

H,S + 3O = H,0 + SO,. 

With insufficient air access, or when the flame is cooled by the intro^ 
duction of a cold body, only hydrogen burns and sulphur separates out in 
a free condition. This behavior is utilized in the technical preparation 
of sulphur from soda residues. In aqueous solution hydrogen sulphide is 
similarly decomposed by the oxygen of the air at ordinary temperatures, 
sulphur separating as a flne powder: 

H,S 4- O = H,0 + S. 

The halogens behave like oxygen ; the hydrides of the halogens are 
formed with separation of sulphur : 

'% H,S4-I, = 2HI4-S. 

This reaction, which occurs only in the presence of water, serves for the 
production of hydrogen iodide (p. 63). 

As hydrogen sulphide has a great affinity for oxygen, it withdraws the 
latter from many of its compounds, and it therefore acts as a reducing 
agent. Thus chromic, manganic, and nitric acids are reduced to lower 
stages of oxidation. On ])ouring fuming nitric acid into a vessel filled 
with the dry gas, the mixture will unite with a slight explosion. 

Hydrogen sulphide possesses weak acid properties, reddens blue litmus- 
paper, forms salt-like compounds with bases, and is, therefore, termed 
hydrosulphuric acid. Nearly all the metals liberate hydrogen from- it, 
yielding metallic sulphides: 

Pb + n,S = PbS -f H,. 

With the oxides and hydroxides of the metals hydrogen sulphide yields 

sulphides and su Iph yd rates : 

KOH + H,S = KSH + H,0. 

Potassium 
hydrosulphide. 

PbO + H,S = PbS + H,0. 

Lead 
sulphide. 

Sulphides, therefore, like the compounds of the halos^ens with the 
metals, may be viewed as the salts of hydrosulphuric acid. CThe sulphides 
of almost all the heavy metals are insoluble in water and dilute adds]^ 
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therefore, they are precipitated by hydrogen sulphide from solutions of 
metallic salts : 

CuSOj + H^ = CuS + H,SO,. 



^^. 



Copper Sulphnrlc 
(uli>tiii]«. acid. 



The precipitates thus obtained are variously colored (copper sulphide, 
black; cadmium sulphide, yellow; antimony sulphide, orange), and 
answer Tor the characterization and recognition of the corresponding 
metals. Paper saturated with a lead salt solution is at once blackened by 
hydrogen sulphide, lead sulphide being formed— a delicate lest for the 
gas. 

Thermo-chemical Deportment- — Hydrogen sulphide is a feebly exother- 
mic compound. When hydrogen gas unites with amorphous sulphur to 
form hydrogen sulphide 4.7 Cai. are developed. When the gas dissolves 
in much water its heat of solution equals +4.6 Cal., so that the total 
heat of formation of hydrogen sulphide in dilute aqueous solution is 
9.3 Cal.: 

(H„S-p»)z=4.7; (H^,Aq)=46; (H„S.Aq) = 9.3. 

It is because of this low heat of formation that the gas is produced with 
such difficulty from its elements, and it is for this reason that it is so readily 
dissociated by heat into its elements. Its entire chemical deportment is 
also accounted for by its heat of formation (p. 114). 



ATOMIC WBIQKT OP 

Con^derations similar to (hoie which led ui Co adopt the moleculai rormula H,0 for 
water impel us to accept the ibnnula H,S for hydrogen sulphide, lis gu den^it)', Lis 
analysis, and (he fact that in ao equal volume of any sulphur-containing gaseous com- 
pound there has never been observed less sulphur than is contained in hydrogen >>ulphide 
speak in favor of the assumplion. The alomic value of sulphur is therefore 31.06 (com- 
pare p. 97). 

From the molecular formula H,S we further conclude Ihal (he hydrogen contained in 
one volume of hyditigeD lulphide would occupy io a free condiUoo the same volume as 
the latter : 

nH^ coataint dH,. 

This conclusion is verified experimentally u follows : In a bent glasstube filled with mer- 
'^'7 (P' 78, Fig. 41), inlToduce diy hydrogen sulphide gas ; then in the bent portion place 
a piece of tin, which is heated by a lamp. The sulphur of the hydrogen sulphide combines 
with the metal id form solid tin Sulphide, while hydrogen is set free ; its volume is 
exactly equal to [he volumei^ the employed hydrogen sulphide. The quantity of sul- 
phur, 3* pails, in vapor form, at 1000", when the density is 64 (p. 106) combined 
with hydrogen (a parts) would equal exactly half (he volume of (he hydrogen ; at joo", 
however, when the vapor density is three times as great, it wilt equal one-sixlh of the 
volume of the hydrogen. Written molecularly, we liave : 

At 500" : S, + 6H, = 6H^. 
I vol, 6 vola. 6 vols. 



AtIO0O",lKiweTBT; S, + »H, 



no INORGANIC CHEMISTRY. 



HYDROGEN PBRSULPHIDB. 



Just as hydrogen peroxide^ H,0,, is formed by the action of acids 
upon some peroxide, so may hydrogen persulphide be obtained from 
metallic persulphides or polysulphides. Sodium and potassium each 
form four polysulphides which are available for this purpose. With 
sodium for example there are, in addition to the ordinary sulphide Na^S, 
also the compounds Na,S,, Na,S„ Na,S^, Na,S|. Fur quite a while it was 
thought that these polysulphides were decomposed by dilute acids simi- 
larly to the decomposition of barium peroxide by dilute sulphuric acid: 

that therefore each polysulphide had a corresponding hydrogen polysal- 
phide. This idea was enforced by the fact that the alkaloid strychnine 
formed a crystalline product with H,S„ and brucine one with H^. 
Rebs, however, demonstrated that when the different polysulphides are 
decomposed it is probably always hydrogen p€nt€Lsu^hide^ H,S^, which is 
produced. It is a light-yellow colored, transparent mobile oil with i 
peculiar odor. Its specific gravity equals 1.71 at 15°. When dry and 
away from air contact it decomposes slowly. Water resolves it quickly 
into hydrogen sulphide and sulphur, which separates. Heat induces the 
same decomposition : 

11,85 = S« ~t" H^. 

Rebs (see Ann. Chem. (1888^ 246, 354) explains the fonnation of hydrogen penta- 
sulphide from the alkaline bi-, tn-, and teti^isulphides in the following equations: 

4Na,S4 + 8Ha = 8Naa + 4H,S4 ; 4H,S. = 3H,S. -\- H^ 
4Na,S, -f 8HC1 = 8Naa 4- 4H,S, ; 4H,S, = 2HA + 2H!s. 
4Na,S, + 8Ha = 8NaCl -|- 4H^ ; 4HA = H,S| + jH^ 



COMPOUNDS OF SULPHUR WITH THE HALOGENS. 

Sulphur and chlorine unite to form three compounds: SCI,, SCI^, and 
SjCl,. It is only the last which meets with any practical application. 

Sulphur Dichloride — SCI,— is produced when sulphur monochloride, S^Cl^ is satu- 
rated with chlorine at 6® to 10® : 

SjOj + CI, = 2Sa,. 

The excess of chlorine is removed by conducting a stream of dry carbon dioxide 
through it. 

It is a dark-red colored liquid, with a specific gravity of 1.62; boils at 64^, with 
partial decomposition into S^Cl, and CI, ; the dissociation commences at ordinATy tem- 
peratures. 

Sulphur Tetrachloride — SG4 — only exists at temperatures below o^ C It b 
formed by saturating S,C1, with CI at — 20® to — 22°. The dissociation commences 
at — 20°, and is complete at -4-6®. It yields crystalline compounds with some dilo- 
rides — €, g.f SnCl^, AsCl,, SbCl,. 




SULTRUK KONOCBLOIUDS. Ill 

The most stable of the sulphm chlorides is 

Sulphur Honochloride — S,C1, — which is formed when chlorine is 
conducted over molten sulphur contained in the flask C (Fig. 49). It 
distils over and condenses in the receiver /),■ the product is redistilled, 
to obtain it ptire. [Fig, 49, A : chlorine generator ; B : wash-bottle ; 
£ : entrance for water intended to chill the vapors.] 

Sulphur mr>nochlonde is a rridish-yellow liquij with a sharp odor , 
provoking tears, having a specific gravity of 1.68, and boiling at 138°. 
its vapor density equals 135 (0,^ 31), corresponding to the molecular 




formula S,C1,. It fumes strongly in the air, and is decomposed by water 
into sulphur dioxide, sulphur and hydrochloric acid : 
aS,a, + aH,0 = SO, + 4Ha -)- 3S. 

Sulphur monochloride dissolves sulphur readily and serves in the vulcan* 
ization of caoutchouc. 
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3. SELENIUM. 
Atom : Se "■ 79.1. Molecule : Se^ => 158.2 (at 1400^). 

This element is not very abundant in nature, and is only found in 
small quantities, princii:>ally in certain iron pyrites (in Sweden and 
Bohemia). Upon roasting this ore of iron, for the preparation of sul- 
phuric acid, selenium settles out in the chimney dust or in the deposit of 
the lead chambers (compare Sulphuric Acid), and was found there by 
Berzelius in the year 181 7. It was called selenium (^oli^'yi^, moon) to 
indicate its relation to the already known tellurium (JfeMs, earth). ' 

Like sulphur, selenium forms different allotropic modifications. Amcr- 
phous selenium^ obtained by the reduction of selenium dioxide (SeO^ by 
means of sulphur dioxide (SO,), is a reddish-brown powder, soluble in 
carbon bisulphide, and has a specific gravity of 4. 26. Selenium crystallizes 
from cirbon bisulphide in brownish-red crystals of specific gravity 4.5. 
The solution of potassium selenide is brown-red, and when it is ex[>osed to 
the air, black leaf like crystals of selenium (with specific gravity 4.8) sepa- 
rate. These are isomorphous with sulphur and insoluble in carbon bisul- 
phide. Upon suddenly cooling fused selenium it solidifies to an amorphous, 
glassy, black mass, which is soluble in carbon bisulphide and has a sptecific 
gravity of 4.28. When selenium (amorphous) is heated to 90-100®, its 
temperature suddenly rises above 200° ; it is converted into a crjrstal- 
line, dark-gray mass with a specific gravity of 4.8. It possesses metallic 
luster, conducts elec'ricitv, and is insoluble in carbon bisulphide. The 
crystalline y insoluble modificaiion is obtained by slowly cooling the molten 
selenium. 

Selenium melts at 217°, and boils at about 660^, passing into a dark- 
yellow vapor. The vapor density diminishes regularly with increasing 
temperature (similar to sulphur), and becomes constant at 1400®. It 
then equals 158; the molecule of selenium at 1400^ consists of two 
atoms (2 X 79^ = 158. 2). 

Selenium resembles sulphur very closely in its chemical behavior. It 
burns in the air with a reddish-blue flame, forming selenium dioxide, and 
emits a peculiar odor resembling rotten horse-radish. It dissolves with a 
green color in concentrated sulphuric acid, and forms selenious and sul- 
phurous acids : 

Se -f 2H,S04 = SeO, -}- 2SO, + 2H,0. 

Hydrogen Selenide — HjSe — produced, like hydrogen sulphide, 
from iron selenide and hydrochloric acid — is a colorless, disagreeably 
smelling gas with poisonous action. In the air the aqueous solution 
becomes turbid and free selenium separates. 

With chlorine selenium forms ScCl, and ScjQ,, perfectly analogous in general to the 
sulphur compounds hut differing from them in that selenium tetrachloride is a solid whidi 
sublimes and does not begin to decompose until at about 200^. 
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4. TELLURIUM. 
AUMn : Tc — trj. Molccnle : Tcg — IM (■( iToo°) ,* 

Tellurium is of rare occurrence, either native or in combination with 
metals. It is associated with gold and silver in sylvanite, with silver and 
lead in altaite, and with bismuth in tetradymite. It is found principally 
in Transylvania, Hungary, California, Virginia, Bolivia, Brazil, and in 
the volcanic formations of the Liparian Islands. 

The tellurium precipitated by sulphurous acid from a solution of tel- 
lurous acid is a black powder of specific gravity 5.9. It is silver-white 
when fused, of a perfect metallic luster, and conducts electricity and 
heat. It crystallizes in rhombohedra, having a specific gravity 6.4. It 
fuses at 453° and boils at 1390°. When heated in the air it burns, with 
a bluish-gray flame, to tellurium dioxide (TeO,). 

The vapor density of tellurium at 1400-1 700° has been discovered to 
be about 354, corresponding to the molecular formula Te,. 

Hydrogen Telluride — H,Te — formed by the action of hydrochloric 
acid upon zinc telluride, is a colorless, very poisonous gas, with disagree- 
able odor. 

Two chloride*— TeCL »nd Tea„ ■nd C 
formed. The teuvchloride boils 1 jfio". Ai 
TcCI, the telluiium ii quadrivalcDl. 



BUlfHAKY OF THB BLBUBHTS OF THK OXYOKN OROUP. 

The elements oxygen, sulphur, selenium and tellurium form a natural 
group of chemically similar bodies. The similarity of the last three is 
especially marked, while oxygen, possessing the lowest atomic weight, 
stands somewhat apart. Among the halogens, fluorine exhibits a similar 
deportment ; it departs somewhat from its analogues, chlorine, bromine 
and iodine. Like the halogens the elements of the oxygen group present 
a gradation in their properties corresponding to their atomic weights : 

o S Se Tc 
Alomk weighu, t6 31,06 79.1 137. 

With the increase in the atomic weight there occurs a simultaneous 
condensation of substance, the volatility diminishes, while the specific 
gravity and the points of fusion and boiling increase, as may be seen in 
the following table. 



*T^e alonitc weight ot tellnriniii wai Bnl made ti8 and sutMeqaenily 13$. But (he 
Uler dcTelopDienl of the periodic lyitein made it more probable IIibI it was even liiwer 
ihan the atomic weigh! o! iodine ( 116.8), which view ha.% since been conlimieit ex]>eri- 
menUlly by Branner. More Fccendy reiulu have been obtained which arfriie Tnr Ihe 
higher itomic weight, Te = 137. ("'e Slaudenmaier, ZeiL f, anoi^. Chcm. 10 (1S95), 

189.1 
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Oxygen. 


SULPHUtl. 


Sblknium. 


Tellurium. 


Specific gravity, . . 
Melting point, . . . 
Boiling point, . . . 
Gas density, .... 


1. 124 (at— 181®) 

181® 
32.00 


1.95-2.07 
114.50 

440° 
64.12 


4.2-4.8 

2I7*> 
6oo*» 
158.2 


6.4 
45a* 

254 



Oxygen is a difficultly coercible gas, while the others* are solids at 
ordinary temi^eratures. We must, however, bear in mind that sulphur, 
selenium and tellurium in a free state are probably composed of larger 
complex atomic grouj>s (see p. 106). 

Further, with rising atomic weight the metalloidal pa*:ses into a more 
metallic character. Tellurium exhibits the physical properties of i 
metal; even selenium possesses metallic properties in its crystalline 
modification. In chemical deportment, however, the metalloidal char- 
acter shows scarcely any alteration. 



All four elements unite directly, at elevated temperatures, with hydiogen, to 
pounds the composition of which is expressed by the general formula MH,. At Mill 
higher temperatures these derivatives are again resolved into their elements. The rimi- 
larity of water and the hydrides of sulphur, selenium and tellurium is restricted to their 
formulas. They are entirely different in their chemical nature. Water is absolntdy 
necessary to life, while hydrogen sulphide, selenide and telluride are dangerous poisoosL 
It must also occasion surprise that oxygen, the only gaseous member of the gixxip, fonn 
a derivative with hydrogen which is liquid at the ordinary temperature and a solid at o*, 
whereas the hydrides of the elements sulphur, selenium and teHurium, volatile with diffi- 
culty, are also gaseous and are, comparatively speaking, condensed with more difficulty. 
It was indeed observed with the halogens that the hydride of fluorine, the most diflknlt 
to condense, possessed the highest Ixnling point, and wc learned that the explanation for 
this was that, in accordance with its vapor density, hydrogen fluoride did not have the 
formula I IF, but H.jF,. Water also differs very much thermo'chemically from the hydrides 
of the other elements of the group. It is a strongly exothermic body, while hydrogen 
sulphide, on the other hand, formed from hydrogen and solid sulphur with the evoliH 
tion of very little heat (H,,S = about 4 Cal.), and selenium and tellurium hydrides SK 
indeed endothermic brtdies. 

This is a gradation similar to that observed in the halogen hydrides (p. 65). 
In accord with this we find that oxygen will displace these elements from hydrogen 
sulphide, hydrogen selenide, and hydrogen telluride when in aqueous solution with the 
formation of water. At higher temperatures and with an excess of oxygen the diosides 
(SO,, ScO,) result. The halogens decompose them more readily than oxygen. 



NITROGEN GROUP. 

This group consists of nitrogen, phosphorus, arsenic, antimony, and 
bismuth. The last possesses a decidedly metallic character. It does 
not, like the other four elements, form gaseous derivatives with hydrogen. 
The gases argon, helium, metargon, krypton, xenon, and neon, occurring 
in the air, will be described in connection with nitrogen. 




I. NITROOBN. 

Aton : N - M.a(. Molecule: N, ^ iS^. 

Nitrogen exists free in the air, four-fifths by volume are nitrogen and 
one-fifth oxygen. In combination, it is chiefly found in the ammonium 
and nitric acid compounds, as well as in many organic substances of the 
animal and vegetable kingdoms. 

Until 1894 it was thought possible to isolate nitrogen from the air 
by depriving the latter of its second constituent — oxygen. This is 
effected by bixlies capable of ab- 
sorbing oxygen without acting 
upon the nitrogen, e. g , phos- 
phorus, hepar, alkaiine solutions 
of pyrogallol and healed copper. 
The experiment can be most 
easily and simply performed in 
the following manner: Several 
pieces of phosphorus are placed 
in a dish swimming on water, 
ignited, and a glass bell jar 
placed over them (Fig. 50). In | 
a short time, when all the oxy 
gen is absorbed from the air, the 
phosphorus will cease burning; Flu. 50. 

the phosphorus pentoxide pro- 
duced dissolves in the water, and the residual gas consists of almost pure 
nitrogen: its volume will equal four-fifths of the air taken. ^Another 
procedure consists in conducting air through a red-hot tube fiTled with 
copper turnings; the copper unites with ihe oxygen and pure nitrogen 
escapes.) The portion of air remaining after these e3i|»erimenis was con- 
sidered to be nitrogen until 1894 when Lord Rayleigh and W. Ramsay 
proved to the universal surprise that so-called " atmospheric nitrogen " 
was a mixture of nitrogen and argon. Lately, other very probably 
elementary gases have also been discovered i: 




Pure nitrogen can only be obtained from nitrogeno 
rrj:^ — t l t . r- ii ; 1 -- „i 1 i i. 1 i- .u;-- 1 . 






The following IS a simple method to this end: Heat ammonium 
nitrite in a small glass retort; this decomposes the salt directly into 



water and nitrogen : 



NH,NO, = N, 4 »H,0. 



In place of ■mmontam oilrite ■ miilare of poUssium nitiite (KNO,) and ■ 
chloride (NH^Cl) nwy be used; upon wanning, these lahs yield, by double decotnpo^- 
Uon, poUusiuin chloride «nd unmDnium niuiw (KNO, + NH,a = NH,NO, + KQ), 
which latter deeomposca further. Ai potassium nitrite usually contains free alkali, some 
potasaiuin bichromate is added to neutralise the same. Practicalljr, the Hilution consists 
of I part of potasstam nitrite, I part of ammoniuni chloride, and t part of potauium 
bichromate jn 5 parts of water, and is then boiled ; to free the liberated nitn^en from 
every trace <A tnygen the gas is conducted over ignited copper. 

The action of chlorine upon aqueotis ammonia produces pure nitrogen. 
Ammonia is a compound of nitrogen and hydrogen. While the chlorine 
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combines with the hydrogen of the ammonia to hydrochloric acid, nitro- 
gen is liberated. The hydrochloric acid unites with the excess of 
ammonia to ammonium chloride (NH^Cl). The following equations 
express the reactions : 

2NH, + 3CI, = N, + 6Ha 

and 

6HC1 + 6NH, = 6NHp. 

Ammonium 
chloride. 

The apparatus pictured on p. 50 will serve to carry out the experiment. 
The disengaged chlorine is conducted through a WoulfT wash-bottle con- 
taining ammonia water, the free nitrogen being collected over water. 

In this experiment the greatest care should be exercised that an excess of chlorine ii 
not conducted into the solution, because its action upon the ammonium chloride will 
cause the formation of an exceedingly explosive body, nitrogen chloride, NClj (p. 133), 
which separates in oily drops. 

Properties. — Nitrogen is a colorless, odorless, tasteless gas. One liter 
of it weighs i. 2507 grams at o^ and 760 mm. pressure. It is therefore 0.97 
times as heavy as air. Its critical temperature lies near — 146^, and its 
critical pressure equals 35 atmospheres (p. 48). Liquid nitrogen is color- 
less, boils under a pressure of one atmosphere at —194®, at — 225® under 
a pressure of 4 mm., and has a specific gravity of 0.885 (at — 194®)- It 
solidifies at — 214**. 

In its chemical deportment it is extremely inert, combining directly 
with but few elements, e, g,^ with oxygen and hydrogen under the in- 
fluence of the electric spark ; with magnesium and other metals at more 
elevated temj^eratures, and with lithium at the ordinary temi>erature. It 
does not support combustion or respiration ; a burning candle is extin- 
guished and animals are suffocated by it. This is not due to the activity 
of the nitrogen, but to the absence of oxygen — a sul)stance which cannot 
be dispensed with in combustion and respiration. The presence of nitro- 
gen in the air moderates the strong oxidizing property of the pure oxygen. 



THE ATMOSPHERE. 

^ I The air, or the envelope encircling the earth, the atmosphere (ar/tJc — 
^ vapor; cfoXpa — ^ball, sphere), consists principally of a mixture of nitrogen 
) and oxygen; it always contains, in addition, slight and variable quanti- 
' of aqueous vapor, carbon dioxide, and traces of other substances, as 
■■Ital oonstitaents (p. 123). Recently the gases argon^ helium^ met- 
**wii krypion^ and xenon have been discovered in it. They occur 
KMintSi but are constant constituents. The pressure exerted 
measured by a column of mercury which holds it in a 
Hum ; the height of the barometric column at the sea- 
equals, upon an average, 760 millimeters. As i c.c. of 
* 6 grams, 76 c.c. will equal 1033.6 grams, and the last 
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number would indicate the pressure which ihe column of air excrls upon 
one square centimeter of the earth's surface. 

One cubic centimeter of air weighs, according to recent experiments, 
under normal condiiions, 0.00129276 gram ; 1000 c.c, iherefore, or one 
liter, would weigh 1.39376 grams. Asoneliterof water weighs 1000 grams, 
air isconsequentty 773 times lighter than it. ("Air is 14. 4 times heavier than 
hydrogen^ Its density is 28.95 referred to O, = 32. Its specific volume 
is 773.4, /. £., I gram of air at 0° and 760 mm. pressure occupies 773.4 
c.c. (pp. 45, 79). 

The /iyuefiu/iaH ff/ air — oral least a portion of it — can be accomplished 
by the methods described on p. 48. Dewar and also Olszewsky chilled 
air, by means of boiling ethylene, almost to its critical temperature 
( — 140"). and then liquefied it by a simultaneous, corresponding increase 
of pressure (75 atmospheres). Another less expensive method, hence well 
adapted for technical purposes, utilizes the great reduction in tem|>eratuTe 
sustained by strongly compressed gases when suddenly released f'om 
pressure. In the apparatus constructed almost simultaneously by Linde 
(Munich), Tripler (New York) and Hami)son (London) the gas under 
slight pressure and cooled by sudden expansion is directed around a cur- 
rent of gas passing in an opposite direction under high pressure, whereby 
the temperature is eventually lowered below the critical tem]>erature. 

Liquid air is colorles s. It is turbid , owing to the solid carbon dioxide 
from wnicn it can be i'recd by filtration. Its boiling point (according to 
Dewar) is — 190°! at which temperature almost pure nitrogen is evolved. 
The specific gravity of freshly prepared liquid air is 0.9951 referred to 
water at 4°. It contains much more oxygen than the ga.s. Recently 
prepared it holds as much as 54 percent, of oxygen by weight, while the 
gas form has only 33percent, of oxygen by weight. Hence the name Apw'rf 
air is not an entirely correct designation. CjTie oxygen -con tent of liquid 
air increases by preservation^ This may be accomplished by means of 
Dewar bulbs or double-walled tin or wooden boxes the air space of which 
is filled out with silk, etc. It will finally contain as much as 94 per cent, 
by weight of oxygen. This gradual accumulation of Che gas in the liquid 
air is attributable to the fact that under the ordinary pressure nitrogen 
boils at — 194°; oxygen, however, at — 184°. There is here the greatest 
technical possibility, that by boiling out nitrogen from liquid air, almost 
pure oxygen can be prepared on a large scale. 

The effect of low temperatures upon the physical properties of bodies 
and upon the course of chemical reactions can be well shown by means 
of liquid air. Carbon dioxide and acetylene solidify in it. The solid 
acetylene may be ignited ; it then burns away like paraffin. Liquid air 
immediately solidifies mercury and renders it malleable. Alcohol at 
once forms drops in liquid air and soon becomes hard and crystalline. 
The hand may be plunged for a short period into the liquid of — 190° 
without expcriencinft any ill effects, because it is at once surrounded by 
a protecting film. Dewar claims that the color of many bodies is charged 
if they arc immerBed in liquid air. Red mercuric oxide, iodide and 
sulphide (cinnabar) appear yellow in color, while the yellow-green nitrate 
of uranium appears white. Mention has already been made that chenvvcak 
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transpositions do not occur, or at least very slowly, at the temperature of 

liquid air (p. 28). 

History. — It is well known that the air was formerly regarded as an eleiiieiit-~a 
simple substance. However, observations were made very early which argue for the 
very opposite. As early as the ninth century certain chemists knew that the metals, when 
heated in air — ;.^., by calcination — increased in weight, and some of them conectly 
attributed this to the absorption of certain air particles by the hot metal. Becanse niter, 
like air, accelerates combustion, Hooke (seventeenth century) suspected that both contained 
an ingredient serving for combustion. It was especially the English chemists of the seven* 
tcenth century who busied themselves with researches in this direction. Mayow in particular 
deserves mention. He contended that the glowing metal united with the ** spintus nitio- 
aerus*' of the air. He demonstrated that by respiration as well as by oombustion the 
volume of air standing over water was diminished, and that the residuum— the 
destroyed air — was no longer available for respiration or combustion. However, these 
germs of the correct idea of combustion phenomena could not develop and grow under 
the predominance of the peculiar views then extant Becher, a German chemist, began 
about 1 700 to teach that the phenomenon of combustion originated in a peculiar volatile 
and escaping earth or kind of sulphur. His pupil Stahl, about 1 720, developed this 
thought into a theory or doctrine, which held almost exclusive sway until near the dosii^ 
third of the century. Stahl called the substance, which escaped in combustion, pkiogiittm 
(combustible). He failed to note that which became the main subject of investigatian 
with the English chemists — that the burnt metal had increased in weight, and he 
explained that all combustible bodies consisted of phlogiston and a non-combustible sub- 
stance. Thus, sulphur consisted of phlogiston and sulphuric acid, iron of ferric oxide and 
phlogiston, etc. , etc. In the process of combustion the phlogiston esci4>es as flame and 
the non-combustible ]x>rtion remains. The reduction of a metallic oxide by another 
metal or by a combustible body {e.g.y carbon) depends, therefore, upon the passage of 
phlogiston from the reducing to tlie reduced body ; hence the terms~ phlogistkated and 
dephlogisticated. The first corresponds to reduction and the second to oxidation. In diii 
manner, because of the absence of more accurate experiments, the phenomena of combustion 
could be explained with some probability and apparent certainty. And Stahl became the 
founder of a chemical theory which lasted for more than a half century, and in its 
decadence found its most ardent advocates among the best and most celebrated English 
chemists of that period. Haven (1774) showed that mercuric oxide was reduced wichoat 
the addition of phlc^iston (1. <'., by heating without the addition of carbon), and this led 
I^voisier to his experiments upon the absorption of air in the calcination of the metals. He 
melted tin in a large, closed, air-tight flask. He had previously determined its weight 
as well as that of the tin. When the latter had become coated lyith a thick layer of oxide 
the apparatus was allowed to cool and was again weighed. Its weight was the same as 
at first, but when the flask was opened, air rushed in and the weight increased. Hence 
the tin, by calcination, had abstracted something from the air and had not, as required 
by the phlogiston theory, given anything to it Alx>ut this same period Scheele and 
Priestley discovered oxygen (p. 80), Rutherford (1742) had again described destroyed 
air, /. e.y nitrogen, and Scheele, by a series of excellent experiments, demonstrated the 
coni))osition of air and the difference between nitrogen (aer mcphiticus, a€r vitalis) and 
carbon dioxide (aer aereum). But he believed in the phlogiston theory. It was 
Lavoisier, during the same i>eriod, who clearly indicated and showed experimentally the 
rAle of oxygen in combustions and oxidations, and, shortly after, proved the elementary 
nature of nitrogen. Lavoisier named nitrogen azote (from CtJ'?* life, and a, privative), 
from which we get the symbol Az used in France for nitrogen. Chaptal was the first to 
give nitrc^en the name nitrogenium (whence the symbol N >, because it is a constituent 
of niter (nitrum). How English chemists have again extended our knowledge of the 
constituents of the air to a most unexpected degree may be gathered from pp. I15-123. 
Compare Berzclius' Lehrbuch der Cheniie, 5 Aufl. (1843), i, 140. 

Quantitative Composition of Air, — Its composition is expressed by the 
quantity of oxygen, argon and nitrogen contained in it, as its remaining 
admixtures are more or less accidental and variable. 




Boussingault and Dumas (.iS> cletetmined ihe accurate weight com- 
position of the air (nitrogen and argon wcie of course calculated as "at- 
imispheric nitrogen "j by I lie following experiment: A large balloon, V, 
with ac3[>acity of about »o liters (Fig, 51), is connected with a porcelain 
tube, a, />, filled with metallic copper. Balloon and tubes, closed by 
slop-cocks, are previously emptied and weighed ajiart. The bent tubea, 
A, B, and C, contain caustic jmiash and sulphuric acid, and serve to free 
the air undergoing analysis from aqueous va[K)r, carbon dioxide, and other 
impurities. The porcelain tube, filled with cop|>er, is heated to a red 
heat, and by carefully o|jening the stop-cocks u, r, and r a slow current 
of air is allowed to enter the empty balloon V. The impurities are given 
up in the bent tulws, and all the oxygen absorbed by the ignited copper, 
forming cupric oxide, su that only pure nitrogen enter* V. Now close the 
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:ompositioti of air may be directly found hy menu of tbe 
'I'he latter is a tube carefully graduated, and sealed u 
This is filled with mercury, and air allowed to enter; tbe 
volume of the latter is determined by reading off 
the divisions on the tube. Now introduce into 
the tube, through the mercury, a platinum wire 
having a ball of phosphorus attached to the end 
(Fig. 52), or a ball of coke saturated with an 
alkaline solution of pyrogallic acid. The phos- 
phorus absorbs the oxygen of the air, and only 
' nitrogen remains, the volume of which is read off 
by the graduation. 

The Mi/ioMr/rrV m^/Aa/ affords greater accmcjr. 
It is dependent -upon the combustion of the oxy- 
gen with hydrogen in a eudiometer. Air and 
hydrogen are introduced into the eudiometer, and 
the electric spark then passed through the wires. 
All the oxygen in the air combines with a portion 
of the hydrogen to form water. ■ On cooling, the 
aqueous vapor condenses and a contraction in 
volume occurs. Assuming that we had taken loe 
volumes of air and 50 volumes of hydrogen, and 
that the residual volume of gas, after allowing for 
all corrections (p. iii), equaled 87.15; then of 
the original 150 volumes of mixed gas, 62.85 volumes disap- 
peared in the formation of water. As the latter results from the 
union of I volume of oxygen and 3 volumes of hydrogen, the 
100 volumes of air employed in the analysis therefore contained 
--*j*— = 20.95 volumes of oxygen. Hence air conusts (accord- 
ing to the determination of Regnault and Bunsen) of 



A eudiometer {cudia, fair weather, and fiirpov, measure — for- 
merly it was thought that there was some connection between 
the quantity of oxygen in the air and the weather) is an absorp- ir^. 53. 
tiometer, with two platinum wires fused into its closed end. 
The i>assage of the electric spark from wire to wire causes the explosion 
(Fig. 53)-* 

INtimerous analyses show that the composition of the air everywhere on 
he earth's surface is constant. The most recent and exhaustive 
researches of Kreusler, Hempcl, Morley, Rayleigh, and Leduc indicate 
it to be generally as follows: 

* For fuither study of geometric methods consult Kob. Bunsen, G&sometritche Medi- 
oden, 2 Auf]., 1877; Walther Hempcl, Ga-'Unalylische Melhoden, 2 AnS., 1890; 
Ctcmeni Winkler, LdirbDch der technischen Gasanilyse, 2 Aull., 1S92. 
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NiDogcn, 7S.06 put! by volume ; 75.5 put* b; weight 

Oi.ygca, 31.00 " *' " 2J.2 •' " *■ 

*^™' "'g* " " " '3 

loaoo " " " 100.0 " " •* 

Mtaturing Gasei. — The Tolunw of gasei is influenced Vtj pressure, Icmpenlute, the 
moisture conUined Id them, ■□(! to ■ slight degree by their chemical nnlure. To com- 
pare suiements of gu voluioes, they musi be iccalculaled to norniBl condilions, 1. t., it 
Aiust be indicated what volume is occupied by the gas at 0° and 76a mm. barotnetrie 
pressure. The pressure eiertcd by (he mercury columa of a barometer at a definite tem- 
perature depcndi Dot only on Its height but also upon the inleasily of gravity, which in 
turn varies with the latitude and sea-level. Hence it has been agreed to refer the '*nor- 
tnal condilions" to 45° geogrmphical latitude and the sea-level. The oormal vdume 
To (>t 7^ ■»!»■ *n<l 0°) is calculated, accordiog to Boyle-Gay-Lussac's laws, from the 
volume V, which ■ gas occupies at pressure p and t* by the equation 1 

pT = poTo (I +01) 

to be 

" 7*0 1. +-t)- 

This aniwets only for dry gases. Any quantity of gas occupies less space when it is Atj 
than when it ii moist, because the tension of the aqueous vapor counteracts the atmos- 
pheric pressure. 

The moislun may be remorei] by inUodDdng into the gas a ball of coke saturated 
with sulphuric add. which dries it. It is more convenient, however, to make the cor- 
rection of the gas volume in the following manner : Wster is brought in contact with the 
gas Id be measured, in order to perfectly saturate it with aqueous vapor ; the gas is then 
measured and its normal vidume calculated by the above lonnuls, after deducting from 
the observed pressure p the number of millimeters corresponding to the tension of the 
aqueous vapor for the given te 
tented by • (nun. mercury) w 



•° — 7toli+o.«>366s.t)- 
Another form may be gircn the expression of the two laws relating to gases : 
pv = poVo(l -l-ot), 

if the tempemtnre be counted not from the melting of ke forward but from the aiiahilt 
»er9 p«nt o( temperature, which can be developed from the following consideration*. 
According to Gay-Lussac the volume of a gas increases, fur every degree of rise in tem- 
perature, the o.cx)367 or -^ of the volume it occupied at 0°. If the temperature be 
lowered from 0° downward, and the law of Gay-Lussac continues to hold force, then the 
volume of the gas at — 273° equals zero. This degree of lempenilure, which has been 
approached to within 30°, answers for the zero point of absolute temperature. It is indi- 
cated by the letter T. The relation between the degrees of absolute temperature and 
those of ordinary centigrade degrees is expressed by t ^ T — 273. If this be introduced 
into the preceding eqnatioo we obtain 

ar,ifB^benMdeequal toR, then wehave 



The Talue of R does i>oi depend upon the chemical composition of the gas, but solely 
upon the unit* of measure chosen for p and v. The.hwof Arogadro can also be given 
expression through this equation if, following Horstmann's suggestion, consideration '" 
given to the volume* wUm mo'" ' '"' ' """" "'" — ' 



D molecular quantities of the gases occupy, — (*. e, the volun 
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occupied by one molecule or 2.02 grains of hydrogen, 32 grams of oxygen, 70.9 grams 
of chlorine, 36.46 grams of hydrogen chloride. This volume is, consequently, 22.4 
liters (p. 98). In this case R is the same for all gases. If the volume be measured in 
cubic centimeters, and the pressure in grams per square centimeter, then, as ▼ = 22400, 
p would equal 1033.6 (p. 1 16), T = 273, and R = 84800. 
The entire expression for the three laws would then read 

pv = 84800 T. 

We shall see that this equation also possesses great value for solutions. 

The Boyle-Gay- Lussac law is not an absolutely correct expression for the behavior of 
gases. At very great pressures they can be less compressed than would correspond to the 
requirements of the law. At low pressures, on the other hand, gases, hydrogen excepted, 
can be more strongly compressed than the law requires. These variations justify the 
theory pro|)ounded by the Hollander, van der Waals (1873). As the density of the gas 
increases the attraction between its molecules becomes greater and the outward pressure 
grows less ; indeed, the diminution is inversely proportional to the square of the volume 
of the gas- mass. Accordingly, the observed pressure, when compared with that demanded 

by the law, is reduced about the value -^^, in which a is a constant corresponding to the 

attraction between the molecules — the cohesion of the gases. On the other hand, the 
space remaining, with the greater density, for the motions of the molecules is less than 
the observed volume, because we must deduct from the latter the space actually occupied 
by the molecules themselves. In calculation the observed pressure must therefore be 
increased and the observed volume must be diminished. This is indicated in the equa- 
tion of van der Waals, mentioned on p. 49 : 

(P + -^V) (' - b) = RT. 
or 

(P + ■:^) (V -b) = (I + «) (« -b) ^.« 

which not only answers for gases but also for liquids. The critical data of a gas may 
also be calculated from it. 

From the great constancy of its composition air was supposed to be a 
chemical compound, consisting of nitrogen and oxygen. This supposi- 
tion is, however, opposed by the following circumstances: All chemical 
compounds contain their constituents in atomic quantities, which is not 
the case with air. In the mixing of nitrogen and oxygen to form air 
there is neither disengagement nor absorption of heat, which is always 
observed in chemical compounds. Further, the air absorbed by water or 
other solvents possesses a composition different from the atmospheric; 
this is due to the unequal solubilities of nitrogen and oxygen in water. 
The air expelled from water upon application of heat consists of 34.9 
volumes of oxygen and 65. i volumes of nitrogen (Bunsen). These facts 
indicate that air is not a chemical compound, but a mechanical mixture 
x>f its two constituents (see Liquid Air). 

The great constancy in the composition of our atmosphere is due chiefly to the fact 
that there is a constantly renewed mixture produced by the unceasing air currents, by 
winds and storms, rising of the wanner layers and the sinking of those which have 
become cooler. The mutual diffusion of gases comes, therefore, into consideration. The 

♦ As R = ('+») ^'-b) when p = I and v = i. 
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gas molecule! poisesi. u i> now generally acli now! edged, ■ direct, progressive, energetic 
notemeDl, nul can thercTore difluse without limilaliua into tpvx if by contact with other 
molecules they are not deflected from or arrested in their course. This is iHe reason ihal 
two gases (or liquids) in iniinediale contact mix generally with one another. Another 
kind of diflusiou~-frnni/irii/im — Deed not be considered so fat as concerns the constant 
composition of the atmosphere, but may be given as a conclusion to what has already 
been said. If two gases are separated by a penneable diaphragm or membrane, thai one 
possessing the lower density will tnverac the septum the more rapidly. 

The following experiment very clearly illustrates this : In the open end of an unglaied 
day cylinder (as used in galvanic elements) there is fixed a glass tube about one meter 
long, its open end terminating in a dish containing water ; the cylinder and tube are lilled 
with air. Over the porous cylinder is placed a wider vessel lilled with hydrogen. The 
latter presses faster into the cylinder than the ait escapes from It ; the air in the tube and 
cylinder i> displaced and rises in the water in bubbles. When the separation of gas 
ceases, lube and cylinder ate almost filled wilh pure hydrogen. On removing the laigeT 
hydrogen vessel the gas will escape much more rapidly into the external air than the 
latter can enter the cylinder ; the internal pressure will therefore be less than the eitemal, 
and water ascends in the glass tube. 

In addition to nitrogen and oxygen, air constantly contains aqueous 
vapor and carbon dioxide (COJ in very small quantities. The presence 
of the former can readily be recognized by the fact that cold bodies are 
covered with dew in moist air. Its quantity de[>ends on the temiK-rature 
andcorrespondsto the vapor tension of water (see p. 90). One cubic meter 
of air perfectly saturated wilh aqueous vapor contains ai.5 grams of 
water at 25" C. ; on cooling to 0° 17. i grams separate as rain. ^Gen- 
erally the air contains only 50-70 per cent, of the quantity of vapor 
necessary for complete saturation^ The amount of moisture in it is either 
determined according to physical methods (hygrometei^, or directly by 
weighing. To this end a definite quantity of air is conducted through a 
tube filled with calcium chloride or sulphuric acid, and its increase in 
weight determined. 

To detect the carbon dioxide in the air, conduct a portion of the 
latter through solutions of barium or calcium hydroxides, and a turbidity 
will ensue. To determine its quantity, pass a definite and previously 
dried amount of aii through a weighed potassium hydrate tube, and ascer- 
tain the increase in weight of the latter. Ten thousand parts by volume 
of atmospheric air contain, ordinarily, from 3.0 to 4 parts by volume of 
carbon dioxide. (See Ber. 30 (1897), 1450.) 

Besides the four ingredients just mentioned, air usually contains small 
quantities of oEOne, hydrogen peroxide, ammonium salts (ammonium 
nitrite), the newly discovered gases argon and helium, and i)rohalily 
hydrogen. Finally, air contains microscopic germs of lower organisms ; 
they are generally found in the lower air strata, and their presence influ- 
ences the processes of decay and fermentation of organic substances. 

OAlSa RBCBNTLY DISCOVERSD IN THX ATMOSPHERE. 
Lord Raylelgh in 1891, while engaged in an eihausiive rcscaich upon the density of 
the elementary gaiei, incidentally observed thai a liter of nitrogen isolated from the air 
weighed 1.2571 grams under normal conditions, whereas a liter of the same gas pre- 
pwed finm Mmnonia or nitric add weighed i. JS"? gnims. The determined purpose of 
ascertainirtg the rtaxm for this dilTerence in the third decimal led Lord Rnyleigh and 
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\V. Ramsay in 1894 to the brilliant and surprising discovery of aigon — a new ooostkneni 
of the air, the composition of which, ailer the masterly investigmtioos of eminent chemiai^ 
appeared to conceal from us no further enigmas. Yet, in Mardi of 1895, at W. KMOOKf 
sought fur additional sources of argon, he found Ae/ittm, a second apparently elementtiy 
gas, which, through a portion of its spectrum, had been known asaoonstitnent of the nn. 
Prior to this it had not been certainly known to be present on the earth. It is a veiy 
sul>ordinate constituent of the air, where it was first <4>senred by Kuyaer, Raauif 
obtained it by heating minerals containing uranium. 

The two gases to which reference has just been made differ from all other gases kDOwn 
to us by the total absence of chemical activity. Thus far no other substance has been 
made to react with them. Hence the name Argon, from av ipyov, without action. They 
also differ from other gases in their real atomic structure ; their atoms have not oom- 
bined to molecules— a condition which heretofore has been observed only with other 
substances at very high temperatures (p. 79). This is evident from the relation of the 
specific heat at constant pressure to that at constant volume, which in the case of raon- 
atomic gases equals 1. 67, whereas with polyatomic gases — those built up nu^ecularly — 
the value lies between I and |. Compare O. £. Meyer, The Kinetic Theory of Gam 
(2ded., 1895-1899). 

Recently, Ramsay availed himself of the remarkably developed refrigatory appanUoi 
and found four apparently elementary monatomic gases in air, while seeking for the one 
between argon and helium. He permitted large quantities of liquid argon and liquid sir 
to boil away gradually, and then examined the more volatile portions and those poitioos 
not so readily volatile and more difficultly condensed. Thus he discovered in the residne, 
by the evaporation of 750 c.c. of liquid air to 70 c.c, the gas krjrpton (nynnrrdr, coO" 
cealed), which volatilizes with difficulty, has a density or atomic weignt of 45 (O. = 32), 
and is characterized in its spectrum by a brilliant red, a yellow, and a green line, the 
last lying close to that of the northern light; similarly metargon and xenon (fn«(, 
foreign), both of which are present in the heavier portions of the air ; and lastly the non- 
condensible, light neon (v^of, new), rich in lines, with the density 20, and probably the 
sought-for gas lying between argon and helium. No one of these four gases has been 
obtained in the pur9 state ; therefore only argon and helium will be more fully disrnwfd. 
(See Ramsay, Ber. 31 (1898), 31 11.) 

ARGON. 

Atom : A = 40. ^ 

The air contains about 0.935 P^^ cent, by volume of argon, while "atmospheric nitro- 
gen '' contains 1. 183 per cent by volume. We inhale daily about 20 liters of this enig- 
matical gas which has remained concealed for so long a time. It is present in many 
mineral waters and gases from springs, ^. ;^^, those of Bath, Cautcrct, Vdslau and Wild- 
bad. It is liberated in small quantities, however, together with helium, upon heating 
certain minerals (especially those containing uranium)— cleveite, brOggerite, uraninite, 
and has been obtained in the same manner from one meteorite. Frequently the gases 
occluded in rock-salt contain argon. 

Two methods may be pursued in separating argon from the air : 

1. Air — freed from oxygen, aqueous vapor and other admixtures — "atmospheric 
nitrogen" — (p. 119) is conducted over red-hot magnesium filings, which absorb the nitro- 
gen, forming magnesium nitride : Nj -+- Mg, -^ Mg,N, (p. 116), while the argon is scarcely 
acted U|>on. The nitrogen can be more quickly ahs^irbed by lithium or by a heated mix- 
ture of magnesium and calcium oxide or iinely divided calcium : 

Mg -\- CaO = MgO -f Ca. 

Ramsay employed this method. 

2. Lord Raylcigh mixed ** atmospheric nitrogen," the mixture of nitrogen and argon, 
with oxygen and allowed the induction s{)ark to pass continuously through this mixture 
in the presence of caustic potash. Alkaline nitrite is formed in this way from the nitro- 
gen, oxygen and alkali (see Nitrous Acid, pp. 205, 207), while the residue of argon and 
oxygen is conducted over ignited copper to remove the latter. Cavendish, as early as 
1785, observed that there remained some "atmospheric nitrogen" which was not con- 
verted into alkaline nitrite ; he did not, however, pursue this observation further. 
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krypton and xenon u toe hemiier uhnuitaKl. It is then liquelini by means of liquid 
air and purified by bmctional diitillation. Its den&ity referred to O, ^= 33 is 39.914 uiin 
round numbeis 40; it is identital vith ils atomic weight. Under nunnal cunditions ■ 
liter of ai^on veigh* 1.780 grams. At *eiy low temperatures it congeals to an ice-like 
maxs, which melts at — 189.5° to a colorless liquid. Il tioils at — 185° ; ils critical 
temperalutc is . — I3I° and its critical preuare 50.6 atmospheres. Aigon is approii- 
malely t}i times as soluble in water as nitrogen : 100 volumes of water dissolve 4 
volumes of mi^oa ml 12°. Hence aigon accumulates in the gases of rain-water. The 
qiectrum distinguishes argon very certain!]' from nilmgen and other substances [com- 
pare ; Z. r. phys. Ch. 1895, tS, 344; Z. f. anoig. Ch. 18(1898), 332; Chem. Cenlial- 
blatl 70 I1S99), I, 469; alio Hugdan : Argon and Helium, Oro new paeons ele- 
ments, Stuttgart, 1896]. 

HBLIUM. 
Atom : He — 4. 
Helium is as inactive chemieally lU argon. While the latter is widely distributed on 
the earth, helium is one of the rarest of terrestial lubstaiKes. Il occurs, however, with 
hydrogen in immense masses in the photosphere of the sun and other brilliant fixed 
stars. Norman Lockyer detected it as eaHy as 1S68 by means of the spcctnHcoi>c in the 
chromo^here of the rid, and in 1869 he and Frankland named it Helium, In 1893 
Palmieri observed its terrestial occurrence for the first time while studying spectrosco[Hcally 
a substance which had been thrown out by Vesuvius. But il was lirsl in March, 1895, 
that W. Ramsay found helium while he was engaged in seeking for sources i>( srgon. 
Hitherto only ■ portion of (he helium spectrum (,1ine D,) had been known. The gas 
helium (tc^^her with hydrc^n, carbon dioxide, nitrogen and probably also argon) is 
evolved when certain rare minerals, usually consisting of salts of uranium, yttrium and 
thorium (/. g., cleveite, uraninite, brSggerite, monadte) are heated alone with dilute sul. 

Ehuricacid (I : 8) or with sodium bisulphalc. It was similarly obtained from a meteorite. 
layser found it, in small quantities it is true, in the air and the later investigations of 
Ramsay and Tiavers have contirroed this observation. Helium, like atgon, occurs in the 
gases fiom springs, t. g., in those from Wildbad, in that of Adano near Tadua, as well 
at in the gaseous exhalations of Tuscany. 

Helium is monalomic (see above). Its atomic weight (its density) equals about 4. 
Dcwar has shown that it can be liquefied by means of liquid, vaporiiing hydri^n, so 
that at present all gases, with the exception of neon, can be liquefied. It is less soluble 
in water than any other gas ; lOO volumes of water at 1%" take up but 0.73 volume of 
helium. Il is as inactive as argon. Tiavers asserts that when a powerful electric dis- 
cha^issenl through a PlQcker tube (see Spectrum Analysis] filled with helium the latter 
is ateorbed by the platinum electrodes and is again tiberUed from the same on the appli- 
cation of heaL This recalls the behavior of hydrogen and palladium ; it may be useful 
in separating helium and argon. Five brilliant lines are prominent in the spectrum of 
helium : one each in the red, the yellow, the green, the blue and the violet. The yellow 
line D, lies close to the two todium lines, D, and D,, toward the *io1et end of the 
spectnuu. 



COMPOUNDS OP NITROGEN WITH HYDROGEN. 

Ammonia is the most important compountl of nitrogen and hydrogen. 
It has been known for the longest time. Since 1889 Th. Curtiiis has 
added four other derivatives of these two elements to it : hyiirasine, N,Hj, 
and hydrateie add, N,H, as well as the ammonium and hydrazine salts 
of the latter: N,H, (= NH, + N,H)and N.H^ (= N,H, + N,H). See 
Ber. 39 (1896), 759, Oxyammonia or kydrexylamine , NH,0, discovered 
by W. Lossen io 1865, will be discussed after ammonia. 
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1. AMMONIA. 

Molecule : NHg » 17.07. 

Ammonia occurs in the air in combination with some acids, in natuial 
waters and in the earth, but always in small quantities. Priestley first 
studied it carefully and called it alkaline air. Berthollet determined its 
composition in 1785. The formation of ammonia by the direct union 
of nitrogen and hydrogen occurs under the influence of the silent electric 
discharge. Its compounds — ammonium salts — are frequently produced 
under the most varying conditions. (T^us ammonium nitrate is formed 
by the action of the electric spark upon moist air :^ 

N, -f O + 2H,0 = NH^NO,. 

Ammonittm 
nitrate. 

Ammonium nitrite, NH^NO,, is said to be formed in every combus- 
tion in the air; and in the electrolysis of water. Further, ammonium 
salts are produced in the solution of many metals in nitric acid, in con- 
sequence of a reduction of the acid by the liberated hydrogen : 

HNO, + 811 = 3li,0 -f NH,. 

The following conversion of nitrogen into ammonia deserves considera- 
tion : Nitrogen unites with magnesium at a red heat to magnesium nitride, 
Mg,N,, and the latter is energetically decomposed by water with the 
evolution of ammonia: 

Mg,N, -f 3H,0 = 3MgO -f 2NH, (p. 124). 

Nitric acid in the form of salts, in alkaline solution, is reduced by 
nascent hydrogen to ammonia (see Nitric Acid). 

Ammonia is produced in large quantities in the decomposition and 
dry distillation of nitrogenous organic substances. Even as late as the 
last century the bulk of the ammonium chloride (the most important salt 
technically), was obtained from camel's dung or decayed urine. Its orig- 
inal name Sai armoniacum — Armenian salt — was confounded later with 
the designation for Egyptian rock-salt — Sal ammoniacum. In the prepa- 
ration of illuminating gas by the distillation of coal, ammonia appears as 
a by-product and may be obtained by combining it with sulphuric or 
hydrochloric acid. This method is used almost exclusively at present for 
its production. 

To prepare ammonia heat a mixture of ammonium chloride and slaked 
lime in a glass or iron flask : 

2NII^a -f Ca(OH), = CaQ, + 211,0 -f- 2NH,. 
Ammonium Calcium 
chloride. hydroxide. 

The disengaged ammonia gas is collected over mercury, as it is readily 
soluble in water (see p. 58, Fig. 33). For perfect drying conduct it 
ihrough a vessel filled with burnt lime (CaO). Calcium chloride is not 
applicable for this purpose, as it combines with the gas. In consequence 
of its levity, ammonia, like hydrogen, may be collected by displacing the 
air in inverted vessels. 
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Physical Propertiet. — Ammonia is a colorless gas with a suffocating, 
characi eristic odor. Its density is 0.59 (air = i). Under a pressure ol' 
6.5 atmospheres (at 10" C), or by cooling to — 40° C, under ordinary 
pressure it condenses to a colorless mobile liquid with a specific gravity 
of 0.623 *^ o"' solidifies at — 85°, and melts again at — 75°. Liquid 
ammonia has recently been introduced into commerce. 

Take unmanium silver chloride 
, ^ ,,, , „ r Mlver chloride, »nd enclose il in 

a tube with a linee-shaped beod (p. 51, Fig. 31). The limb containing the compound ii 
DOW heated in a vater-b«tb, while the other limb ii cooled. The compound is decom 
posed into silyer chloride uid unmonia, which condenses in the cooled limb (Faraday). 

Ammonia gas dissolves very readily in water, with the liberation of 
beat. One part of water at 0° and 760 mm. pressure absorbs 1 1 46 volumes 
(^ 0.875 parts by weight); at ao", 739 volumes (^ 0.526 parts by 
weight) of ammonia. At 16° and 760 mm. pressiire 100 parts by volume 
of water a1>sotb 60 parts by weight of ammonia. The specific gravity of 
a 34.95 per cent, solution at 15° is 0.881 ; hence a liter of it contains 
308.3 grams of ammonia. When a long glass tube, closed at one end 
and filled with atnraonia, has its open end placed in water, the latter 
rushes up into the tube as it would into a vacuum ; a piece of ice melts 
rapidly in the gas. The aqueous solution possesses all the pro])erties of 
the free gas, and is called Liquor ammonii taustid. The greater the 
ammonia content the less will be the specific gravity of the solution. All 
the gas escapes on the application of heat. 

When the condenied liquid ammonia evaporalei it absoifai a great amount of heat, 
■nd Btuwera, therefore, for the production arti- 
ficially of cold and ice in Carry's apparatus. 
The simplest form of the latter is represented in 
Fie. 54' "^^ >">" (T'i"<l'' ^ " '■"'^ ■^xx" 
half with a concentrated aqaeous ammonia solu- 
tion, and is connected, bjr means of the lubes 
Inini b, with the conical vessel F, in the middle 
of which is the empty cylindrical space E. The 
entire internal niace of A and Ais hermetically 
shut off. A Si heated upon a charcoal fire until 
the thermometer a, in it, indicatei 130° C, 
while ^i» cooled with water. In this way the 
gaseous ammonia is expelled fiom the aqueous 
solution in A, passes through b, in which most 
of the water rani back, and condenses to a 
liquid in B, of the reeeiver P. The cylinder A 
is remoTcd from the (ire, cooled with water and 
the vessel D, eonsinicted of thin sheet metal 
and filled with water, placed in the cavity E, 
which is surrounded with a \ioac conductor, 
t. g., fell. The ammonia condensed in B evaporates, and is re 
A. By this evaporation a large quantity of heat, withdrawn fioi 
becomes latent ; the water in D freeies. 

The method of Carrf for the artificial production of ice hns acquired i^al applicalton 
in the arts; recently, however, ice machines have been introduced, 'fhese are Hrivrn 
by liquid ammonia (Liodel, or by liquid tutphut dioxide and carbon dioxide ll'iclet) 
(MDipaTe i^ 48, 117). The method of Windhanscn, depending upon the expansion 
of compressed air, it mnch nsed. 
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Chemical Properties. — A red heat or the continued action of the elec- 
tric spark decomposes ammonia into nitrogen and hydrogen. On coo- 
ducting ammonia gas over heated sodium or potassium, the nitrogen 
combines with these metals and hydrogen escapes : 

NH, 4- 3K = NK, 4- 3H. 

Magnesium unites, when heated in an atmosphere of ammonia, with 
the nitrogen of the latter, giving a bright light : 

3Mg + 2NH, = Mg,N, + 3Hr 

Ammonia will not burn in the air ; in oxygen, however, it burns with 
a yellow flame : 

2NH, + 30 = N, + 3H,0; 

ammonium nitrite and nitrogen dioxide are formed simultaneously. 
When a mixture of ammonia and oxygen is ignited it bums with explo- 
sion. 

To show the combustion of ammonia in oxygen, proceed as follows: A 
glass tube, through which ammonia is conducted, is brought with oxygen 
into a vessel, bringing the opening of the latter near a flame at the moment 
of the introduction of the glass tube. In contact with oxygen, the am- 
monia gas ignites and continues to burn in it. 

The following experiment (of Kraut) shows the combustion of ammonia 
very conveniently. Place a somewhat concentrated ammonia solution in 
a beaker glass; heat over a lamp, until there is an abundant disen- 
gagement of gas, and then run in oxygen, by means of a tube dipped 
into the liquid. Upon approaching the mixture with a flame, it ignites 
with a slight explosion. The ignition may be induced without a flame, 
by sinking a glowing platinum spiral into the mixture ; we then have a 
number of slight explosions. The glass is filled at the same time with 
white vapors of ammonium nitrite (NH^NO,) ; later, when oxygen pre- 
dominates, red vapors of nitrogen dioxide (NO,) and nitrous acid 
appear. 

If chlorine gas be conducted into the vessel with ammonia, it immedi- 
ately ignites and continues to burn in the latter, with the production of 
white fumes of ammonium chloride (NH^Cl). The chlorine combines 
with the hydrogen of the ammonia, with separation of nitrogen, and 
yields hydrochloric acid, which unites, with the excess of ammonia, to 
form ammonium chloride : 

NH, + 3CI =3HCl-fN 
and 

3NH, + 3HCI = 3NH,C1. 

Chlorine reacts similarly upon aqueous ammonia (p. ti6). 

In gaseous form, as well as in solution, ammonia possesses strong basic 
properties; it blues red litmus paper and neutralizes acids, forming salt- 
like compounds with them, which are very similar to the salts of the 
alkalies— -sodium and potassium. The following illustrates the similarity. 




QUANTITATIVI COMPOSITION OF AMMONIA. 

NH, + HQ = NH.Cl Ka. 

cbloridc. chloride. 

aNH, 4- H,SO, = (NH,),SO, K,SO,. 

lulpluic. lulpbaK. 

NH, + H^S = NH,SH KSH. 



In these ammonii derivatives NH, plays the rdle of a metal. Hence, i 
to show its similarity to sodium, potassium and other metals, the group! 
(NH,) has been designated ammcnium and its compounds, 
salts. The latter, when acted on by strong bases, yield 

aNIIjO + C»0 ^ aNH, + CCl, + H,0. 1 

The metallic characterof the ammonium group is also confirmed by the 
existence of the ammonium amalgam. Therefore, theammonium deriva- 
tives will be considered with the metals. 

Thermo-chemical Department. — The heat of formation of ammonia from 
hydrogen and nitrogen equals ii Cal. When ammonia gas is dissolved 
in much water 8.4 Cal. arc set free, so that the heat of formation of 
ammonia from its elements in dilute aqueous solution equals 30.4 Cal. : 

(N,H, - gu) = 13. (NH„Aq) = 8.4. (N,H„Aq) = 30.4. 

Tbc great beat of MilutioD of gucotu ammonU ciplaint wh; ice will melt in tbc 
same (p. 137I. 

ia and oiTgcn is accounted for by Ihe follow- 

.(f 147.6 Cal.) 
(MCal.) 
Id of chlorine upon gaseous or aqaeoos ammonia it alvi very energetic : 

(+54 CI.) 

NH,-dis*olTed + 3a = jHa-dissoWed + N . . . {+ 97.S Gil.) 
(».4Cal.) (jX»jCal.) 

When there ii an excess of ammonia Ihe hydrochloric acid combines with it to form 
ammonium chloride (NH, -)- HCl :^ NH,C1), and the heal disengagement is thereby 
fuither incraued. 

ATOMIC WEIOHT OP 

The quantitative analysis of ammonia shoe's that it consists of i.oi 
parts of hydrogen and 4.68 parts of nitrogen ; hence we conclude that 
the atomic weight of nitrogen is 4.68 or a multiple of It (see p. 69) : 



/ 
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As the density of ammonia equals 1 7.07 (0,= 32), its molecular weight 
would equal 17.07. In 17.07 parts of ammonia there are 3.03 parts, and, 
therefore, three atoms of hydrogen. That the i4.o4partsof nitrogen united 
with them correspond to one atom of nitrogen is a consequence, as never 
less than 14.04 parts of that element are present in the molecular weigkief 
any nitrogen derivative. The density of nitrogen equals 28.08 (O, = 32) ; 
therefore, the molecule of nitrogen consists of two atoms (N^. This is 
also concluded from the volume ratios, as we shall soon see, occurring in 
the decomposition of ammonia (compare p. 76). 

From the molecular formulas NH, and N, it follows, further, that i 
volume of nitrogen and 3 volumes of hydrogen form a volumes of am- 
monia gas, or that 2 volumes of ammonia decompose into 3 volumes of 
hydrogen and i volume of nitrogen, corresponding to the molecular 
equation : 

N, + 3H, = 2NH,. 
X vol. 3 vols. a volt. 

The following experiments prove these conclusions: 

1. Decompose an aqueous ammonia solution, mixed with salt (NaCl) 
to increase its power of conductivity, in a Hofmann's apparatus (p. 77), 
by the galvanic current. Hydrogen will separate at the negative 
and nitrogen at the positive pole; the former will have three times the 
volume of the latter as soon as the solution is saturated with gases. 

2. Pass electric (induction) sparks through dry ammonia gas contained 
in a eudiometer, or the apparatus represented in Fig. 47 (p. 98). In this 
way the ammonia is decomposed into nitrogen and hydrogen, the volume 
of which is twice as large as that of the ammonia employed. That 3 
volumes of hydrogen are present in the mixture for every volume of nitro- 
gen is easily shown by the eudiometric method, by burning the hydrogen 
with oxygen (p. 99). 

2. HYDROXYLAMINB (OXYAMMONIA). 

NHjO = NHjOH. 

This compound was discovered (by Lossen in 1865), in the reduction 
of ethyl nitrate by tin and hydrochloric acid, in the form of its salts and 
in aqueous solution. Lobry de Bruyn first obtained it anhydrous and 
in a solid form in 1891. ^t is produced, too, by the action of tin upon 
dilute nitric acid, and by tin and hydrochloric acid upon all the oxygen 
compounds of nitrogenS In all these reactions it is the hydrogen elimi- 
nated by the tin which, m statu nascendi, reduces the nitric acid : 

UNO, + 3H, = NH3O -f 2H,0. 

To prepare hydroxylamine treat ethyl nitrate U 20 grains) with granulated tin (400 
grams) and hydrochloric acid (800-1000 c.c. of specific gravity 1.19, mixed with three times 
its volume of water). The metal should be completely dissolved. The solution diluted 
to twice its volume is treated with hydrogen sulphide to precipitate the tin. The filtrate 
from the tin sulphide is evaporated and the hydroxylamine hydrochloride, NH,0 . HQ, 
extracted from the residue with hot alcohol. 

Hydroxylamine hydrochloride is most easily formed by the interaction of hydrochloric 
acid and fulminating mercury (see Organic Chemistry). 
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Hydroxylamine crystallizes in colorless, odorless needles. It melts at 
33" and under 33 rom. pressure boils at 58°. lis specific gravity equals 
1.335. I^ '^ rather stable at temperatures below 15°, but above that it 
rapidly breaks down into nitrogen, nitrous oxide, nitrous acid and 
ammonia. At about 130° and often at much lower temperatures the 
decomposition is accompanied with explosion. It absorbs moisture 
rapidly on exposure to the air. 

Hydroxylamine is very similar to ammonia, and like it unites directly 
with the acids to form salts : 

NH/3 + HQ = NH/3. HO = NH,{OH)a. 

Hydroxylamine hydrochloride in distinction to ammonium chloride is 
soluble in alcohol. It passes into ammonium chloride when allowed to 
stand exposed to the air. 

On adding to the aqueous solution of the sulphate of hydroxylamine 
sufficient barium hydroxide to remove all the sulphuric acid, an aqueous 
solution of hydroxylamine is obtained, which, like the ammonia solution, 
possesses strong basic properties, and colors red litmus-paper blue. The 
solution is, however, very unstable, and readily decomposes into water, 
ammonia, and nitrogen : 

3NH,0 = NH, + 3H,0 + N^ 

Upon the application of heat a portion of the hydroxylamine will be 
carried over undecomposed along with the steam, but most of it is 
decomposed. The hydroxylamine solution manifests a strong reducing 
action ; it precipitates metallic silver from silver nitrate, white mercurous 
chloride, Hg,Cl„ from mercuric chloride, HgCl,, and cuprous oxide from 
cupric salts. 

Owing to its great similarity to ammonia and its various reactions, it is 
supposed that hydroxylamine represents ammonia in which an hydrogen 
atom is replaced by the hydroxyl group OH ; it is therefore a compound 
of the latter group with the amido groi:p : 

NH,0 = NH, .OH. 

SDiamfde, or HTdradne, N,H, ^ H,N . NH,, a compound oT Iwo amidn-groups 
,), was antil 1889 only known in its numerous organic derivalJTes. Since then Cur- 
tim and hia 00-wcrkers have exhaustiTely ioTcaligaled a Urge number of its inor^nic 
coanpooada, and io 1895 Lobij de Biujn succeeded in getting the free diamide or bydra- 
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zine unknown until then [Ber. 28 (1S95), 3085]. Its salts were first made by an indirect 
method from certain organic nitrogen derivatives: by the deccMnpositioa of diaso- or 
triazo-acetic acid upon digesting them with water or mineral adds fCurtias and Jaj, J. t 
prakt Ch. [2] 39 (1889), 27] ; by heating amidoguanidine with sodium hydroiide 
[Thiele, Ann. Chem. 270 (18192), 31], etc See also the last edition of Ricfater's 
Organic Chemistry. Very recently diamide has been made from inoiganic compounds: 
by the reduction of nitric oxide-potassium sulphite with nascent hydrogen : 

K,SO, . N,0, + 3H, = NjH^ . H,0 -f K^^ 

[Duden, Ber. 27 (1894), 3498]. 

Free hydrazine, like free hydroxylamine, is prepared by decomposing its hydiodiloride 
with sodium methylate : 

NjH^ . HCl -f CHjONa = NaQ -^ CH,OH + N.H^. 

It may also be obtained by distilling its hydrate under reduced pressure with barium 
oxide. It is a colorless liquid, fuming strongly in the air, boiling at 113.5** and solidify- 
ing at o®. It melts at 1.4°. Its specific gravity is about 1.003 ^^ ^3^- ^^ ^' ^^^ explo- 
sive and is stable even at 300®. Its hydrate, N^H^ . H2O, is a strong base, very modi 
like ammonia. It is produced when the hydrazine salts are decomposed by powerful 
bases. It is characterized by great reducing power. It will be discussed later along 
with the diammonium salts in concluding the alkaline earth metals. 

4. Hydrazoic Acid, or Azoimide, N.H = || ^NH, was also discovered by Cor- 

tius in 1890 [Ber. 23 (1890), 3023]. It was, like the preceding body, first isolated 
from organic derivatives, and indeed from those of diamide [especially benzoyl azofmide 
which upon digestion with sodium alcoholate yields sodium azoimide and ethyl benzoate : 

C.H5CON, -h C^HjONa = NaN, + qjHjCOOCjH,, 

and from diazohippuramide which is resolved by ammonia into anmioniiun azoimide, 
hippuramide and ammonia : 

CH^CO-NH-CHj-CO-NH-N-N-OH -f 2NH, = 
N5. NH4 4- H,0 4- C^HjCO-NH-CHj-CO-NH,. 

[A description of these investigations can be found in the Tahrbuch der Chemie I (1891), 
91, 227 ; II (1892), 229 ; also Thiele, Ann. Chem. 270 (1892), 53, and Richter's 
Chemistry. 1 

The following are real inorganic methods for the preparation of hydrazoic add or its 
salts. 

Curtius prepares a dilute aqueous solution of the acid by chilling with ice the red 
vapors arising from heating arsenious oxide and nitric acid (see Nitrous Acid) and 
adding the resulting blue liquid gradually, as long as gas is not evolved, to a cold solution 
of hydrazine. This is analogous to the formation of silver azoimide (Angeli) from silver 
nitrite and hydrazine sulphate : 

N = N 
H,-N-NH, 4- NO,H = H,-N-N=N-OH + H,0 = \ / -f- 2H,0. 

Nil 

Wislicenus asserts that sodium azoTmide is readily obtained by heating sodamide to 150- 
240° in a current of nitrous oxide : 

NH.Na + N,0 = NaN, + H,0. 

Dilute aqueous solutions of hydrazoic acid may be obtained by distilling the metallic 
azolmides with dilute sulphuric acid. By further distillation of the solution and by 
means of calcium chloride the acid may be obtained anhydrous when it is a colorless. 
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mobile liquid «i(ti >n uobeuablc odor, tl bojlj ai 37°, vokliliiet with sleun, 
and is chaiocleijied by iU exceptionally violent explosibility. In this respect it dilTers 
from the haloid acids, especially hydruchloric acid, with which it possesses many points 
of similarity. This behavior woald indicate that hydraulic acid is a strongly endotnermie 
body: 

{N„H) dissolved = — 6i Cal. 

Its alkali salts are not eiplosire. Some of the alkaline earth salts explode when heated, 
and some of the heavy metals when touched or struck. These salts will be furlher 
treated under the respective metals. [See Curtiusand Rissom, Jr. pmkl. Ch. 98iiS9}( , 
361 I alsoZ. r. anorg. Ch. 17 (1898), iS.] 



COMPOUNDS OP NITROGEN WITH THE HALOGENS. 

NITROQEN CHLORIDE. 

NCic 

As we have seen, nitrogen is liberated when chlorine acts upon an 

excess of ammonia (p. ii6); when, however, the chlorine is in excess, it 

acts upon the previously formed ammonium chloride to produce nitrogen 

chloride : 

NH.a + 3a, == NCI, + 4Ha. 

For the preparation of a small quantity of nitrogen chloride, dip a 
flask filled with chlorine, open end down, into an aqueous ammonium 
chloride solution warmed to 30°. The chlorine is absorbed, and heavy 
oil drops separate, which are best collected in a small leaden dish. They 
contain hydrogen in addition to nitrogen and chlorine. They yield 
pure nitrogen chloride by a second treatment with chlorine [see Gaiter- 
mann, Ber. 31 (1888), 751]. A pentachloride of ni trogen, NCI„ is not 
known. 

witrogen chloride is an oily, yellow liquid, with a disagreeable odo r ; 
its specific gravity equals 1.65. It does not solidify even at —40°. Itj 
is an extremely dangerous compound, as it decomposes by the slightest^ j^ 
contact with many substances, when the temperature exceeds 90° and byt^*^ 
the action of direct sunlight. Its decom[K)sition is accompanied by an j 
extremely violent report. Its solution in benzene, ether and carbon 1 
bisulphide can be handled with comparatively little danger; but it 
rapidly decomposes in them. Aqueous ammonia gradually decomposes ' 
it into ammonium chloride and nitrogen : 

NCI, + 4NH, = 3NHjCl + Nr 

It is converted into ammonium chloride and free chlorine by concen- 
trated hydrochloric acid : 

NCI, + 4Ha = NH,a + 3C1,. 

This reaction is directly opposed to that by which nitrogen chloride is 
formed. 



134 INORGANIC CHEMISTRY. 

Nitrogen chloride is decomposed by water partly into hypochlo- 
rous acid [see Ber. 27 (1894), i, 1017, and 30 (1897), li, i434f *79«; 
III, 2642]. 



The formation and explosibility of nitrogen chloride may be illiutnted in a 
way as follows : Decompose a saturated ammonium chloride sdutioo with the electric 
current. Nitrogen chloride rising in small drops from the liquid will separate at the 
{x)sitive pole. Upon covering the surface of the solution with a thin layer of toipentine 
oil, each drop will explode as it comes in contact with the latter. 

Nitrogen Iodide. Upon adding ammonium hydroxide, or a mix- 
ture of ammonium chloride and caustic soda, to a solution of iodine io 
aqueous potassium iodide, a brownish-black powder separates. Its com- 
position closely approximates the formula, NHI,. Its formation by 
means of ammonium chloride and caustic soda is represented in the 
equation : 

4I + NH4CI 4- 3NaOH = NHI, + 3H,0 + NaQ + aNaL 

[Compare Raschig, Ann. Chem. 230 (1885), 212.] 

When the conditions are slightly changed a very similar compound 
separates. Its formula is N,I,H,(= NH, -|- NIJ. Protracted washing 
with water decomposes it into ammonia and nitrogen tri-iodide, NI,. 

Nitrogen Di-iodide and Nitrogen Tri-iodidey NHI, and NI,, are, 
when dry, very explosive. The explosibility may be shown without 
danger in the following manner : The precipitate is collected on a filter, 
washed with water, the filter opened out and torn into small pieces, which 
are then allowed to dry; upon the slightest disturbance these pieces 
exi)lode with a sharp report. 

Szuhay claims that nitrogen iodide, NHI,, behaves like a feeble acid 
and that its silver salt, NAgI,, explodes [Ber. 26 (1893), 11, 1933]. 

Nitrogen iodide dissolves in dilute hydrochloric acid and decomposes 
into ammonia and iodine monochloride : 

NH,I -f HCl = NH, -f la. 

Hydrogen sulphide and sulphurous acid convert it into ammonia and 
hydrogen iodide. 

The nitrogen iodide formed by digesting powdered iodine with ammo- 
nia water manifests properties which are slightly different from those of the 
ordinary iodide. It is only stable in the presence of ammonia. It some- 
times explodes even when moist — if it be washed with water, or when 
acted upon by hydrochloric acid. 

Thervw-chemical Deportment, — Nitrogen chloride and iodide are both strongly endo- 
thermic compounds ; considerable heat is absorbed in their production from the elements. 
This again presupposes conditions under which the nitrogen halides would.be no longer 
stable. Consequently their heat of formations cannot be obtained by direct measurement 
but must be calculated from other thcrmo-chemical relations. That for nitrogen chloride is 

(N,C1,) = — 4l.9Cal. 
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3. PHOSPHORUS. 

Atoto : P •■ 3J.O. Molecule : P, — 114A, 

This element docs not occur free in nature, because of its very great 
affinity for oxygen. The phosphates, especially calcium phosphate, are 
widely distributed. By the disintegration of the minerals containing 
phosphates the latter pass into the soil, are absorbed by plants, and these 
are consumed by animals. Hence phosphates occur in both plant 
and animal ashes. ^The bones of animals consist chiefly of calcium 
phosphate.^ 

Brand, in Hamburg, and Kunkel, in Wittenberg (1670), obtained 
phosphorus almost simultaneously by the ignition of evaporated urine. 
In 1755, Schcele, io Sweden, showed that it could be obtained from 
bones, in which Gahn had found calcium phosphate. Its name is derived 
from its power of giving light in the dark — fonrfopm, light-bearer. 

Phosplionii U prepared ia France and in England almosl exclusively in accordance 
Willi a method first lu^ested in 177S bj Nicolas and Pelletier, which melbod was 
mbseqnenlly impnucd by Founroy and Vauquclin. 

The bones are burned, thereby destroying all or^nic admixlures, or they are lint 
treated with niperbealed steam Io remove the bone glue. The Lone ashes consist princi- 
pally of lertisry calcium phosphate C»,(PO,), (see Phosphoric Acid I. They are digested 
with two-thin^ of their weight of concentrated sulphuric acid, when the tertiary phos- 
phate becomes primary calcium phosphate, and gypsam (calcium salphale) is produced ; 

iCaSO,. 

The gypiDffl, which dissotTM vilh difficulty in water, is separated from the readily 
soluble primary phosphate by filtration ; the solution is mixed with chaicoal, evaporated 
in leaden pans, and the residue raised to a red heat in clay retorts. This expels ~ — 
from the primary pho^hate and the latter changes to calcium melaphosphale : 

CaH,(PO,), = Ca(PO,l, + sH.O. 
Calcium 
mclapbotphat e. 

The ignited residue ia then raised 10 a white heat. The carbon partly reduc 
melaplMH^bale to phosphorus, by forming cartion monoiide with oxygen, '["he re! 
calciimi oxide in like manner converts a portion of the metaphnsphate into tertiary phos- 
phate, which is not further attacked by the carbon'. The following e<|uationi show the 

I. 3Ca(PO,), + loC = P, + loCO + aCaO 
ri. Ca(PO,), -f aCaO = Ca,(PO,), 

3Ca(PO,), -)- loC =P, -|-Ca,(l'0,), + loCO. 

Recently the great heat of the electric furnace has been applied in carrying out a 
method suggested by Wflhier, but which has not until the present been made operative: 
the tertiai7 phosphate, mixed with sand, is reduced by carbon. The silicic acid (sand) 
acta like the sulphuric acid, in that it liberates phosphoric acid when heated : 

3Q4(PO,t, -f loC + 6SiO, = 6'"aSiO, + loCO -f 4?- 



u construction. To re 
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the phosphorus is again distilled from retorts, melted under water, pressed through leather 
or chamois, or through bone ash, and finally moulded into sticks. 

Phosphorus may be obtained by the method of Rossel on a small scale, if 2.5 parts of 
aluminium powder, 6 parts of sodium metaphosphate, and 2 parts of silica are cazeluily 
heated in a glass tube in a current of hydrogen : 

6NaPO, -h loAl -(- 3SiO, = 3Na,SiO, + 5A1,0| + 6P. 

(Compare Chemiker-Zeitung, 1898, 237.) 

The almost colorless phosphorus obtained by distillation is a waxy, 
transparent substance, of specific gravity 1.83 at 10® C. At ordi- 
nary temperatures it is soft and tough ; at o^ it becomes brittle. It fuses 
under water at 444° and boils at 287®. By the action of sunlight it 
becomes yellow (hence called yellow phosphorus)^ and is coated with a 
non-transparent, reddish-white layer. {[Phosphorus is insoluble in water, 
slightly soluble in alcohol and ether, and very readily soluble in carbon 
bisuli)hide.^ It crystallizes from the latter solution in forms of the isometric 
system (rhombic dodecahedra). (When exposed to moist air, it oxidizes to 
phosphorous acid (H,PO, ) and phosphoric acid ( H,POJ ; the white vapors 
which ari s e contain ammo nium nitrite (N H^NQj , ozon e, and hydrogen 
peroxide .) The odor of phosphbrus'resembles that of ozone. It phosphor - 
esces in tne dark on exposure to ai r. It does this also in other gases, but only 
in such as contain oxygen . It appears the phosphorescence is influenced bv 
the formation and combustion of the self-inflammab le phosphine, as all 
substances which destroy the latter prevent and put an end to the former. 
It is noteworthy that in pure oxygen the oxidation of phosphorus begins 
at 27**. If the oxygen be diluted by removal over an air pump or by the 
addition of neutral gases, so that its quantity is not more than 40 per cent., 
the absorption will be very energetic' at 20°, but cease entirely at 7**. 

The red phosphorus — discovered by v. Schrotter in 1845 — possesses 
properties entirely different from those of the ordinary variety. It is a 
reddish-brown powde r, of specific gravity 2.19; is not amorphous as for- 
merly believed but, according to the investigations of Retgers, it is 
Iiexagonar XZ. f. anorg. Chem. v (1894), 211). It is insoluble in carbon 
bisulphide , non-phosuhoresc ent, does not alter in the ai r, and is, indeed, 
v ery stable . While ordinary phosphorus is very poisonous , the red variety 
is perfectl y harmless. It does not fuse at a red heat, even when subjected 
to strong" pressure, and vaporizes very slowly (even at 100®), without 
changing to the yellow variety; but when it is heated rapidly (above 
2 60^) the vapors change to those of yellow phosphorus. 

lo prepare the red variety, yellow phosphorus is heated for some min- 
utes to 300°, in closed, air-tight iron vessels; there is a partial conver- 
sion at 250°. The resulting mass is then treated with carbon bisulphide 
or sodium hydroxide, to withdraw the unaltered, ordinary phosphonis. 
If iodine be added to the ordinary phosphorus, the change will occur 
below 200°. 

A third modification — metallic phosphorus — is formed if the amorphous variety be 
heated in a glass tube, free trom air, to 530''. Microscopic needles then sublime into the 
upper, less heated, portion of the tube. It is more easily obtained if phosphorus is 
heated with lead, in a closed tube, to a red heat. The molten metal dissolves the phos- 
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phonis and, on cooling, the latter separates in bjack, metallic, thiiiing crystals (Ililturf ). 
Metallic phosphorus poaseuei the spccilic gravlly 3.34, vaponics wilh difficulty, and is 
less active than the red Taiiet j;. Perhaps it coniists of a better cryslalliied form (ri* the 

Two green linca characterize the s|)ectnim of phosphorus. On con- 
ducting hydrogen over a small piece of phosphorus, heated in a glass tube, 
the escaping gas will burn with a bright green flame . When ordinary 
phosphorus is distilled with water, some jiasses over with the steam and, 
in the dark, phosphoresces. This procedure serves for the detection of 
phosphorus in poisoning by this substance (Mitscherlich). 

The density of phosphorus is referred to O, ^: 33 and therefore its 
molecular weight is 114. As the atomic weight of phosphorus is 31.0, 
it follows that the molecule in the form of vapor consists of 4 atoms : 
P, ^= 1 24.0. We saw that the sulphur molecule at 500° consists of 6 atoms 
(Sf), and at 900° of 3 atoms (S,). Such a dissociation does not, however, 
occur with phosphorus; even at 1040° its vapor density remains unaltered, 
although a partial dissociation does talce place at a very intense heat. 

When phosphorus is burned Jn oxygen or in air, it forms the pe ntoxJde 
(P,Oj. The ordinary variety inflames at 40", and also by gentle fric- 
tion ; the red is not ij^niied below '60° . The first will burn with a 
bright flame even underwater. To this end heat pieces of phosjjhorus 
in a flask with water, until they melt, and conduct a currejit of oxygen 
through the water, phosphorus combines very energetically with chlorine, 
bromine, and iodine at ordinary temperatures ; on throwing a small piece 
into a vessel containing dry chlorine gas it at once inflames^ The red 
only reacts with the halogens after applying heat. With most of the 
metals phosphorus unites on warming, and precipitates some of them from 
solutions of their salts. From a silver nitrate solution, it pre cipitates 
silver and silver phosphide (Ap,P1 ; thifj g lutton, therelore. an s welT as a 
counterirritant in phosphorus burns . 

The diffinence in deportment of the yellow and the red phosphorus is fully accounted 
for by the drcumitance, that when the red is produced from the yellow there follows a 
consderable beal-diiengageilKnt : 

P yellow = P red -f- 19.I CaL 

Hence, the red nriely containi much less enei^ than the yetlow. In its union wiih 
other subslances there will always be liberated 19.Z Cal, less, and (he reaction cimse 
auenlly wilt proceed more slug^sbly and with less energy. It may be assumed, thai in 
the yellow phospboni), owing to the very energetic motions of its atoms (heir mutual 
afhaity acts in a much reduced form ; the atoms are loosely combined with one arHilher 
and are therefore lery reactive. In the passage of the yellow into the red or bUcIt 
Taiiety the energy of the atom motions is converted into Ihenml energy, and the atoms 
can attach themtelTes more lirmlr to one another than beroie, the molecule is more stable, 
the reacttvily is diminished. Formerly when heat was >lill regarded as a substance, siich 
relations as those abore were well expressed by the terms ea/anmi — bodies containing 
but little heat, lad ralaridt — bodies lidi in heat. 
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PH,, PiH„ P,H,. 

The compounds of phosphorus witli hydrogen can be prepared hj the 
action of nascent hydrogen upon phosphorus, as, for example, on gentle 
heating dilute sulphuric acid with zinc and phosphorus (compare p. 144)'. 

I The usual course is to heat yellow phosphorus with concentrated potasium 
or sodium hydroxide, when spontaneously indammable phosphine escapes 
and a salt of hypo phosphorous acid remains in solution. 

The liberate] gas miicd wiib sir in a dosed vessel explodes Tiolently ; faenoe. to mike 
it, promd Ks ftJlcnrs ■■ FiU a small glass Qask olmoal full of aqueous polassiuiu hydmuii. 




Atlil a few pieces of phosphonis, and heat over a lamp {Fig. 55). When the liberation of 
gas coDimenci-s, ancf tlip air id the neck of the flask has been ci|>r1ted. cloK (he same «Til)i 
■lie cork of the deliver/ tube, ihe other end of which dips under niarm water, to prerenl 
nny obstruction arising in il from phosphorus that mfly be carried over and solidify by 
cooling. Each bubble rising from (be liquid inSames in (be air, and fonns wEiite doud- 
rings which SEcend. 



The gas thus produced 



of gaseous phosphine (PH,) and hydro- 



gen, with which is mixed a small quantity of a litiuid substance (P,H,). I 
whose presence imparts the spontaneous inflammability to the gas. Oiif 
conducting the latter through a cooled tube the P,H, is condensed to a 
liquid, and the escaping gas no longer inflames spontaneously. The 
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liquid compound may be isolated in a similar manner if the gas is con- 
ducted through alcohol or ether, which will absorb the compouod P.H,. 

Liquid PboBphioe, IjH^ lepanlrd rmm the gms by couling, is ■ colorleu. strongly 
refnuting liquid of q>ed&c gn>ity l.oil, insoluble in water, *n<] boiling at 57° [Umt- 
tcnnuu) and Hansknechl, Ber. 93 (1S90), 1 174]. Il inflames spontaneously in the air, 
mnd bums wich great brilliancy to phosphorus pentoxide and water. Its presence in com- 
bustible gases, such as hjdrosen, marsh gas, and gaseous phos[>bine, gives ihem their 
spootaiKous inflaminalrility. lo Conlact with wme compouiids, like tarbon and sul|>bur, 
uid by the action of Kinlighl and of strong hydrochloric acid, it decomposes into gaseous 
and solid pboaihiiie : 

SP,H,=6PH,+ P,Hr 

ir by a blow. 

ad. 

Gaseous Phosphine, PH„ may be formed, together with the liquid 
and solid variety, in addition to the manner previously described, by 
the action of water or hydrochloric acid upon the calcium phosphides, 
Ca,P, and Ca,P, : 

Ca^, + 6Ha = 3Caa, + 2PH, % 

Ca,P, + 4HCI = aCaCI, + P,H, ; 

5P,nj = 6PU, +P,H,. 

Further, by the ignition of phosphorous and hypophosphorous acids: 

4H,PO, = PH, -I- 3H,POj 
Pbo^tbDToita Ptiovphorlc 

and by decomposing phosphonium Iodide with caustic potash (p. 140). 

It is a colorless gas, with a disagreeable, garlic-like odor, and is 
slightly soluble in alcohot. Its density is 34.03 referred to O, =; 31, 
or 1.176 (air= i). It solidifies at — "335° and boils at about — 85°. 
When pure (free from P,H,) it ignites at too". Oxidizing agents con- 
vert it again into the spontaneously inflammable variety, owing to the 
production of P,H,, It is extremely poisonous. Phosphine is decom- 
posed Into phosphorus and hydrogen when it is heated, or if it is ex])osed 
to the action of the electric s|)arlc. When ignited in the air it burns 
with a brightly luminous flame, disseminating at the same time a white 
cloud of phosphorus pcntoxidc (P,Ot) : 

aPH, -I- 4O, = 3H,0 + P,0,. 

When mixed with chlorine it explodes violently, with production of 
phosphorus trichloride and hydrogen chloride : 
PH, -I- 3C1, = pa, + 3"C1. 

(Like ammonia, phosphine possesses faint alkaline properties, and com- 
bines with hydrogen iodide and bromide to yield compounds similar to 
ammonium chloride ; 
PH, + HI = PH,I. 

It combines with hydrogen chloride at from — 30" to — 35°, or, at ordi- 
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nary temperatures, under a pressure of 20 atmospheres. The group PH^, 
figuring in the r6le of a metal in these compounds, is analogous to 
ammonium (p. 129), and is termed phosphonium, 

Phosphonium Iodide, PH J. It is best prepared by the decomposi- 
tion of phosphorus di -iodide (,P,l4, p. 142), by a slight quantity of water, or 
by adding yellow phosphorus (10 parts), and, after some hours, iodine (3 
parts), to a saturated solution of hydriodic acid (22 parts). The liquid 
becomes a solid mass, consisting of phosphonium iodide and phosphorous 
acid. Phosphonium iodide sublimes in colorless, shining, cube-like 
rhombohedra and by this means may be obtained pure. It fumes in the 
air, and, with water, decomposes into phosphine and hydrogen iodide. 
When decomposed by potassium hydroxide it yields pure hydrogen 
phosphide, which is not spontaneously inflammable: 

PHJ -(- KOH = KI -(- PH, 4. H,0. 

Fhospbine is a feebly exothermic compound : 

P yellow -f 3H = PH, -f II.6 Cal. 



ICOLBCULAR FORMULA OF PHOSPHINE. ATOMIC WEIGHT OP 

PHOSPHORUS. 

The analysis of phosphine shows that it consists of 1. 01 parts of hydrogen and 10.53 
parts of phosphorus. Were its molecular formula PH, the atomic weight of phosphorus 
would be 10.33. 1^^ great analogy of phosphine to ammonia, and that of all the 
phosphorus compounds to those of nitrogen, argues, however, for the foimula PH^ 
The atomic weight of phosphorus, therefore, is 31.00 (= 3 X '^•33)» <uid the molecO' 
lar weight of the phosphine is 34.03 : 

Hs= 303 
P = 31.00 

PH, --= 34.03 

This view is confirmed by the density. Direct experiment confirms this. Further, 
from the formula PH, it follows that 3 volumes of hydrogen are present in 2 volumes of 
the gas : 

2PH, contain 3H,, 
2 vols. 3 vols. 

or in I volume there are \% volumes of hydrogen. On decomposing the gas in a 
eudiometer, by means of electric sparks, it will be found that the volume increases one- 
half; the gas consists, then, of pure hydrogen, while phosphorus separates in a solid 
condition. As the phosphorus molecule in the gaseous condition is composed of four 
atoms (p. 137), the phosphorus (62.00 parts) separated from 2 volumes of phosphine 
will nil ^ volume when in the form of vapor ; hence in 2 volumes of phosphine there 
are present 3 volumes of hydrogen and ^ volume of phosphorus vapor. 
Or, written molecularly : 

4PH, = P, + 6IL. 
X vol. X vol. 6 vols. 




COMPOUNDS OF PHOSPHORUS WITH THE HALOGENS. 



COMPOUNDS OF PHOSPHORUS WITH THE 
HALOGENS. 

Phosphorus combines direclly with the halogens to yield compounds 
of the types PX^and PX,, in which X indicates au halogen alum. 

Phosphorus Triehionic—PAosfikertius ChloriJe—TC\,. Conduct 
dry chlorine gas over phosphorus gently heated in the retort C (Fig. 49, 
p. III). The phosphorus ignites in the stream of gas, and distils over as 
trichloride, which is collected in the receiver D, and condensed. The 
product is purified by a second distillation. I t is a colorless liquid , con- 
gealing at — 1 1 a", boiling at 76°, and has a sharj >, p enetrating odo r. 
Its specific gravity equals 1.613 at 0°. It fumes strongly in the air . Tnd 
is decomposed by moisture into phosphorous and hydrochloric acids ; 
PCI, + 3H,0 = H,PO, + jua. 

The vapor density of the trichloride is 137.35, corresponding to the 
molecular formula PCI,. 

Phosphorus VeaXBshXonAc— Phosphoric ChloriiU—VC\y This is 
produced by the action of an excess of chlorine upon the liquid trichlo- 
ride. It is a solid, crystalline, yeuowisn-white compound! Jt lumes 
strongly in the air and sublimes without melting when healed. It at the 
same time sustains a partial decomposition into trichloride and chlorine. 
Under increased pressure it melts at 148°. 

In an atmosphere of phosphonu trichloride the Tipor density of the pentachlnride 
has been found to be 2C».35, cortesponding to the molecular rDnniila I'Cl, = 208.25. 
At increased temperatures the T*por density steadily diminishes, ■n<l a gradual de- 
composition occurs — diuodition of the molecules of the pentachloridc (PCIg) into 
the molecules of the trichloride [PClj), and chlorine (Ci,). ilie decomposition temper- 
atare, r. r., the temperature at which the decompocition is half finished, lies at about 
300° C. The dissociation is complete at 300°, and eaua}s 104, the vapor density ; 1. e., 
the vapor then fills a Tolume twice as luge as at a lower temperature. I'he breaking 
down of the penlachloride into the trichloride and chlorine, whereby M molecules result 
from H molecules, eiplaiiu this: 

pa, = pa, -I- a,. 

to trichloride and chlorine does really occur. 



Phosphorus pentachloridc acts very energetically with water ; it yields, 
depending upon the quantities of the reactiuR substances, i)hosph(irtifi 
oxychloride, POCl,, metaphosphnric acid, HPO„ or or I ho phosphoric 
acid, H,PO,, and hydrochloric acid : 

pa, + u,o = poa, 4- »Tia 1 ./j' 



pa, + 3H,o = HPO, + sEia 

pa, + 4H,0 = H,PO, + sHa. 



(Sec Phosphoric Acid.) 
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The bromine and iodine phosphorus compounds are perfectly analogous 
to the chlorine derivatives. They are obtained by uniting the constitu- 
ents in the proportions by weight expressed by their formulas. As the 
union is exceedingly energetic, it is best to proceed as follows: Dissolve 
the phosphorus in carbon bisulphide, gradually add the calculated amount 
of bromine or iodine, and then distil off the volatile solvent. 

Phosphorus Tribromide, PBr,, is a colorless liquid, boiling at I75°» and hafing i 
specific gravity of 2.9 at o®. The pentabromide, PBr^, formed by the gradual additioo 
of 2Br to PBr„ is a yellow, crystalline substance, which melts when heated, and breaks 
down into the tribromide and bromine. Water decomposes both compounds, as it does 
the corresponding chlorides. 

Phosphorus Chlorbromide, PCljBr,, is produced by the union of PCI, with Br, b 
the cold. It is a yellowish-red mass, which decomposes at 35° into PCI, and Br,. 

Phosphorus Tri-iodide, PI,, forms red crystals, melting at 55^ and distils, with mi- 
tial decomposition, at a higher temperature. The so-called phosphorus iodide, P,L 
(corresponding to PjH^), crystallizes in beautiful orange-red needles or prisms, and 
fuses at 110°. Its vapor density at 265° and 90.7 mm. pressure equals 569, correspond- 
ing to the molecular weight P,!^. A little water decomposes it into phosphorous add, 
phosphine, and hydriodic acid. The last two bodies then form pkosphonium iodidt^ 
PH^I (p. 140). 

1 he recently discovered Phosphorus Pentafluoride, PF1., is interesting (Tboqx). 
It results upon heating phosphorus trichloride or pentachloride with arsenic tiifluonde, 
AsFl,: 

3PCI5 -f sAsFl, = 3PFI5 -f sAsCl,. 

It is a colorless gas which fumes in moist ur and is decomposed by water into phos- 
phoric acid and hydrogen fluoride. Its density corresponds to the molecular formnli 
PFlg := 125.9. It may be liquefied at 16° under a pressure of 46 atmospheres, and 
solidifies when the pressure is removed. 

It is rather remarkable that although phosphorus pentiodide could not be obtained, 
the stability of the com]x)unds, PBr^, PCI5, PFl^, gradually increases with the diminutioB 
of the atomic weight of the combined halogens. Phosphorus pentafluoride can be gaa- 
fied without decomposition. 



Thenno-€hemical Deportment. — WTiile the halogen derivatives of nitrc^n (like those 
of oxygen) are strongly endolhermic, are produced with the absorption of much heat, and 
are, in consequence, readily exploded (p. 134), those of phosphorus are exothermic The 
heat disengaged in the union of yellow phosphorus and chlorine (p. 137) corresponds to 
the following symbols : 

(P,Cl3) = 75.5; (P,Cl5) = 105. 

In this we obscr\e a transition to the halogen derivatives of the metals, all of whidi 
are exothermic. In accordance with this we find that the heat of formation of the bro- 
mides and iodides diminishes in regular succession : 

(P,ci3) = 75.5 ; (P.Br,) = 45 ; (P.I3) = IO-9. 

The great reactivity of all these derivatives with water is fully explained by the large 
amount of heat set free at the same time — e. ^., the decomposition of phosphorus tri- 
chloride with so much water that upon diluting the resulting solution, no further heat 
evolution takes place : 

pa, -f Aq = HjPOjAq -f 3HClAq . . . -f65 Cal. 




Arsenic is a perfect analogue of phosphorus, but [assesses a soiiicwliul 
meuUic character. (In its free state it is similar to mcials) 

Arsenic is found free in nalure, although it occurs more frcqucnlly in 
combination with sulphur (realgar, As,S„ qrujauml, As,Sj), with (ixyticii t^*^5' 
( areenql it e , As^O,), and with metals ( niispickel, I'cAsS, cuballiif, CoAsSj. OtiiX- 
To prepare it, heat mispickel wilh iron , and fa-e arsenic will siililiim-, '^ 
while iron sulphide remains. Or, in the customary way of isolatint; mclals . 

from their oxides, heat the trioxide (arscnolilc) with charcoal : *^*f--*- 

9Ai,<\ + 6C = As, + 6C0. 

Arsenic appears in two modifications. Crjj/'tf///sf(/(hcxa};t)nal) arsenic ^.^.^/^^ 
is obtained by the sublimation of ordinary arsenic . It fiirius a (jray- 
white, more or less metallic, crystalline mass, but may lie chaiifjcdiiiH) 
acute rhombic octaliedra. Ilssi>ecific gravity (.(itials 5.73. lt_i_s brink-, 
and may be pulverized without difficulty . . 

The amorphous variety is microcrystalline (accordin{{ to Rttj^cnt) and'*"*'^'^ 
probably isometric. It is formed along with the first variety wlicu arsciiii: 
is sublimed in a glass tube in a current of hydrogen (IteltendorlTj ami 
also upon heating arsine. It is black , with l ittle luster , and jKihsesses the 
specific gravity 4.71. When heated to 360° it sets heat free and reverts 
to the crystalline variety. 

Away from air contact, and at the ordinary pressure, arsenic vajxir- 
izes at a dark-red heat (about 450") without iirL-viously nicliing ; it will, 
however, melt if heated under great pressure in a scaled iiilw. Ii?_vai!£ir 
possesses a lemon-yellow color. ' \\\k vanor density cor restjonds to th<r 
ipolecular weig ht. As its atomic weifiht equals li, it foll'.w s that the 
molecule in the gaseous slate consists, like that of iih'^^nhoru s, of f'liir 
atoms . At a white heat (^atx>ut 1700") ttie dtn-ity falls to onc-lmlC 
which is due to the fact that then the araenic vajx^r consists largely of 
diatomic molecules f As, = i3oJ> 

Arsenic does not change in dry air. When heattd in iheairil inflaiti--. 
at 180° and bums with a l)iuf-criiore<i flame, ilissemiiiaiii-i; iliegari.' -lik<- 
odor of arsenic trioxide f.A5.0.V It combines d!r<-( tly with ui-r-x (■!<: 
mentsi Powdered areenjcwill inflame when thrown irjlo <,Kl'-riiic £a-.^ 
It yields arsenides with ihc metals. 

It is mnuhalilc thai ■nrnic, bclan^ni; to tbe ni'mgnn V''^V "-^ tr-i-riu'lv i'int.:i.j/ 
ooapoaods which in cmttitmiai tie qnrle diflferenl fnin Ihv* '/ '■. ■..}i:!, ^)i-<-..-: ■>■ 
■o tbe Unerin its mrtallic c'J«nbiii«li'««. Iliu- th- ■-. ;/■.!■;■> u.-i •rv,,-;. ■ 
'atunarpbrm^, moi m thmi H>lj>hi^i a^'C u'^-^j'. («i, u.u'iik.-v 
e nlioi. r. f. : 

FeSr FtA^ and Fe <-Ai,. 
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COMPOUNDS OF ARSENIC WITH HYDROGEN. 

Arsine, AsH,= 78.03. Like nitrogen and phosphorus, arsenic fur- 
nishes a gaseous compound containing three atoms of hydrogen. It is ob- 
tained pure by the action of dilute sulphuric acid or hydrochloric acid 
upon an alloy of zinc and arsenic : 

As,Zn, -f 6HC1 = aZnCl, + 2AsH,. 

It also results in the action of nascent hydrogen (zinc and sulphuric acid), 
upon many arsenic compounds, as, e, g,^ the trioxide: 

AsjO, 4- 6H, = As,H, -f 3H,0. 

Arsine, discovered by Scheele in 1755, is a colorless gas, of strong, 
garlicky odor, and extremely poisonous action ; it may be condensed to 




Fig. 56. 

a liquid and even to a solid by cold. It melts at — 113-5*' and boils at 

— 55°. Its density equals 78.03(02 = 32) or 2.69 (air =^1). It bums 

with a bluish-white flame when ignited, and evolves white fumes of 

arsenic trioxide : 

2AsII, -f 3O, = AsjO, -h 3l^O. 

It is decomposed at a dull-red heat or by the electric spark into 
arsenic and hydrogen. On conducting the gas through a heated tube the 
arsenic deposits behind the heated part as a metallic coating {arsenic 
mirror). On holding a cold object, e. g., a piece of porcelain, in the 
flame of the gas, the arsenic forms a black deposit (arsenic spots). In itST 
chemical behavior arsine is very similar 10 phosphine; its basic proper- 
ties are very slight, andQt does not furhish any derivatives with the 
halogens!^ 
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Aamrdiog to aiMljrait, aniDe conniti of 1.01 parUbf weight of hydrc^n and 35 putt 
of araenic ir, became of ju analogs to pbo^hine, we ascribe it the ronnuJa AsK,, 
tben (he aloniic weigbt of aneaic would be 75 (= 3 X 'S) and the molecular weigh) of 
AfH, would equal 78.03. A delenniiMiion of ihe denxiiy confinns this. The futmula, 
too, ^owi that 3 Tolnmet of bjdrogen are present in 1 volumes of AsH, : 

aA*H, cootain sH^ 



Marsh's Method far the Dttiction ef Arsenic. — The method described 
for the preparation of arsine and the ease with which it is recognized 
make it possible to detect arsenic in its compounds with great certainty. 
This is a very important task because of the ready accessibility and fre- 
quent use of poisonous arsenic derivatives. Hydrogen is generated in a 
flask (Fig. 56, a) by the interaction of dilute sulphuric acid and zinc, 
when the material presumed to contain arsenic i^introduced through the 
funnel tube b. The gas evolved, a mixture of hydrogen and arsine, is 
then conducted through a calcium chloride drying tube (c) and escajies 
through the tube of hard glass contracted at several points (d). Upon 
igniting the escaping hydrogen (after all theair has been previously expelled 
from the vessel, as otherwise oxyhydrogen gas will be present) it will 
burn with a bluish-white flame, if arsenic be present, and at the same time 
disseminate a white vapor. The dark arsenic spots are obtained by hold- 
ing a cold porcelain dish in the flame. If the tube d be healed (as shown 
in Fig. 56), an arsenic mirror will be formed upon the adjacent contrac- 
tion. The slightest traces of arsenic may be delected by this method. 

Besidn the ordinary arsine, AiH,, we might expect the existence of Ai,II. anil 
As,H„ correspondii^ to the liquid and solid phosphines (P,!!, and P,H,(. (The first it 
□ol known ; its derivatives eiiil, and contaja hydtocatbon groups instead orhyc1ni);en. 
An example of this class is caeodyl. As,(CH,), ^ (CH,),As-AslCH,l,5 Nitr.^en 
affords similar compound*— (CfTOT^H, and (CH,)NH-NH„ derived fnm diamide 
orhydraiine, N,H. = H.N-NIf. (p. 131). 

The aolid aralne, As,1I,, is obtained by the action of nascent hydrogen upon arsenic 
compounds in the pr«ienc« of nitric acid . It forms ■ reddiih-brown powder, which 
decompoiei wben tieated. Kelgera considers thai (he brown color of (be arsenic s]iots 
•nd niTTor is due to lotid anine, tolable in austic potash. 



COMPOUNDS OP ARSENIC WITH THE HALOGENS. 
These are perfectly analogous to the corresponding phosphorus cnrn- 
pounds, and are the result of the direct union of their constituents. The 
fluoride, in union with potassium fluoride, is the only known representa- 
tive of the cximpounds corresponding to the formula AsX, (see p. 141). 
^Thc metallic character of arsenic is shown by the fact that arsenic chloride, 
like other metallic chlorides, may be obtained by the action of hydro- 
chloric acid upon the oxide :J 

AV?, + 6Ha = lAsCl, -I- 3H,0. 
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Arsenic chloride is evolved when a solution of the trioxide is boiled 
with concentrated hydrochloric acid. 

Arsenic Trichloride, AsCl,, is a colorless, oily liquid , fuming in 
the air, and having a specific gravity of 2.2^ it solidifies at lower tem- 
peratures, melts at — 18^ and boils at 1 30°. Its vapor density corresponds 
to the molecular formula AsCl, = 181.35. It dissolves in a small quao* 
tity of water without change, while much water converts it into the oxide 
and hydrochloric acid 

2AsCl, + 3H,0 = AsjO, + 6Ha. 

Arsenic Tribromide, AsBr,, is a white crystalline mass, melting at 
20°, and boiling at 220°. The Tri-iodide, Aslg, forms red crystab, which 
melt at 146^. The Trifluoride, AsFi,, is a liquid, fuming strongly in the 
air ; it boils at 63^. It results in the distillation of the trichloride or tri- 
oxide with calcium fluoride and sulphuric acid. 



4. ANTIMONY. 

Atom : Sb => xao. 



The metallic character exhibited bv arsenic becomes more distinct with 
antimony, which at the same time retains its complete analogy to tlie 
metalloidal elements, arsenic and phosphorus. Antimony is a perfect 

^^metal so far as its physical properties are concerned. 

^ It (stibium) occurs in nature chiefly in union with sulphur , a s stibnjjte. 
Sb,S, (Japan, Hungary), and with sulphur and metals in many ores. Ht 
is almost always accompanied by arsenic . To prepare antimony, stibnite 
is roasted in a furnace, /. ^., heated with air access, whereby the sulphur 
burns, and antimony trioxide remains : 



i0 



2Sb,S, 4-90, = 2SbjO, + 6SO,. 



./ The residual oxide is ignited with carbon, which reduces it to metal 
'•^ (general procedure for the separation of metals). Antimony may also 
^ be obtained by heating its sulphide with iron, which combines with the 
X sulphur : 

Sb,S, -f sFe = 2Sb 4- 3FeS. 

The resulting commercial crude antimony is further purified in the 
laboratory by fusing it with niter, whereby the admixed arsenic, sulphur, 
and lead are removed. Chem ically pure antimon y is obtained by reduc - 
ing the pure oxide. 

It is a silver-wHite and verv brilliant metal, of leafy crystalline struc; 
Jure; specific gravity 6.71. I Jke arsenic it crystallizes in rhombotiedra^ 
is v ery brittle , and may be easily broken . It fuses at 430*^, and vaporizes 
between 1500 to 1700°. The density of its vapor shows that the anti- 
mony molecule, unlike that of phosphorus, consists not of four atoms, but 
rather, like arsenic at the same temperature, of two atoms [Biltz, Z. f. 
phys. Chem. 19 (i8q6), 385]. It is not altered in the air at ordinary 
tem peratures, but when heated it burns with a blue flame, yielding white 
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npois of antimony oxide, Sb,0,. Like phosphonts an d_arsenic it com- 
bines d irectly withjhe h alogens ; powdered antimony inflames in clilu- 
riae gas. It is insoluble in hydrochloric acid; nitric acid oxidizes it 
(depending upon its streogth and the temperature) to antimony oxide or 
antimoDic acid. 

Hydrogen Antimonide — Slibine — SbH„ is produced like arsine, 
and is very similar to the latter. It has thus far only been oliiained 
mixed with hydrogen. It is a colorless ga s of jteculiar odor , and when 
ignited burns with a greenish-white name, disseminatinK while va|K»r9 of 
antimony oxide, Sb,0,. A red heat decomposes it into antimony and 
hydrogen. In Marsh's apparatus (Fig. 56, p. 144) it forms an antimony 
mirror and spots. The rnirror is dist inpnishpri fnim x\\ai nf nr-ynjr by 
its black colo r, l ack of luste r, its i nsohibility in a solution of sodium 
hypochlorite (NaClO"). and by its slight volatility in a current of 
hydrogen. 

Arsine is also liberated from alkaline solutions in which hydrogen is 
being generated, e.g., caustic potash and zinc. This is not the case 
with stibine. 



COMPOUNDS OF ANTIMONY WITH THE 
HALOGENS. 

Antimonous Chloride — Antimony Trichloride — SI>C1„ results from 
the action of chlorine upon the metal or its sulphide (SI),S,> ; better by 
the solution of the oxide or sulphide in strong hydrochloric acid : 

Sb^ + 6HC1 = aSba, 4 jH.S. 

This solution is evaporated to dryness and tlie residue distilled. 

It is a colorless, crystalline, sof t ma^ {Butymm antimonit ), melting at 
73° and boiling at 133°. Its vapor density corres[)oncis la the molecular 
formula, SbC!,= 3*6.35. I" the air it attracts water and deliqu esces. 
It^JKolvesun changed in wate r acidified with hydroch l oric aciJ 7^"Hucli 
water decomposes it ; t he solution hecomp-; inrhiH aijri a white po *der^ — 
powder 9I" ^I g arnfh (so natned in honor of an Italian physician, Victor 
Algarotus, who used it as a medicine) — separa tes : 
SbCl, + H,0 = Sl)Oa + iIICI. 

The composition of this powder varies with the conditions under which 
it is formed, but generally corresponds to the formula 2(SbOCl) . Sli,0,, 
Pure Antimony Oxychloride, SbOCI, obtained by heating antimony 
trichloride with alcohol, occurs in colorless crystals and is further decom- 
posed by water into basic oxychlorides. 

While the metallic chlorides are not decomposed by water at ordinary 
temperatures, the ready decomposition of the halogen derivatives of 
antimony shows that this element still possesses a partial mctalloidal 
character. 
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Antimonic Chloride — Antimony Pentcuhloride — SbCl,, results from 
the action of an excess of chlorine upon antimony or the trichloride. It 
is a yellowish liquid which fumes in the ai r, b ecomes crystalline when 
cold and melts at — 6®. Heat partly decomposes it, like phosphona 
pentachloride, into antimonous chloride and chlorine: 

SbQj = SbG, + a,. 

z vol. I vol. I vol. 

It may be gasified without decomposition at 218^ and 58 mm. pressure. 
Its density corresponds to the formula SbCl^. 

Water converts it into pvroantimonicacid (HtSb,Oy\ and hydrochloric 
aciS^ It combines with one molecule of water, forming the crystallizable 
hydrate SbCl, . H,0, melting at about 90^, and with four molecules to t 
hard, crystalline niass, SbCls.4H,Q [Anschtitz and Evans, Ann. Chem. 
239 (1887), 285]. The metallic nature of antimony shows itself in the 
formation of these hydrates . Neither of the two chlorides of non-metallic 
phosphorus forms a hydrate ; both are immediately decomposed by a 
little water with the production of hydrochloric acid. 

Antimony Tribromide, SbBr,, is a whiter cry.« ft'^^|jny mhcu^nro^ melting at 93® and 
distilling at 275°. The Tri-iodide, Sbl„ is a red compoun d. crystalliMtn^ in three dis- 
tinct forms. It melts at 166^ and boils at 400®. The Pentiodide, Sbl^, i s dark brown 
in color and melts at about 78°. 

Antimony Trifluoride, SbFl,, obtained by the solution of antimony oxide in h3rdiO' 
fluoric acid, crystallizes in colorless rhombic pyramids. It deliquesces on exposure to the 
air. It is not decomposed by cold water. Its compound with ammonium sulphate is 
used as a mordant in dyeing. 

Antimony Pentafluoride, SbFI., is a gummy mass. It forms well-ciystalliring 
double salts with the salts of organic bases. 

We must also include Bismuth, Bi = 208.5, ^^ ^^^ group of nitro- 
gen, phosphorus, arsenic, and antimony. Its halogen derivatives resem- 
ble those of arsenic and antimony in many respects, e.g.^ BiCl,, BiL, 
BiOCl. Its metallic character, however, considerably exceeds its metal- 
loidal. Thus, it does nofunite with hydrogen, and bismuth oxide (Bi,C)-), 
similar in constitution to the acid-forming arsenious oxide, As,0,, 
possesses only basic properties. We will, therefore, consider bismuth 
and its derivatives with the metals. 



TABULATION OF THE ELEMENTS OF THE NITROGEN GROUP. 

The elements belonging here — nitrogen, ])hosphorus, arsenic, anti- 
mony — present similar graded differences in their physical and chemical 
properties, just like the elements of the chlorine and oxygen groups, and 
this gradation is intimately connected with the atomic weights. As 
the latter increase the substance condenses, the fusibility and vola- 
tility decrease, and the similarity to the real metals becomes more prom- 
inent. 



CARBON CROUP. 



,.fc°. 



Attaaic weight, lA-'H 

Specific gnvity, I 0.9 (sol id ^ 

Melting poiot, — 314° (60 I 

] Vapor <leiwt7(0, = 33), , . 3S.08 ii4.o I 150 

These elements do not resemble one another in chemical properties as 
the haJogens resemble one another, or as sulphur, selenium and tellurium. 
Arsenic and antimony alone show chemical kinship. What is exceed* 
ingly striking is the difference between the remarkable activity of phos- 
phorus in its yellow variety and the sluggish nitrogen with which red 
phosphorus may be compared. This difference manifests itself in many 
of their derivatives as has been observed with their halides (NCI,, NI,— 
PCI,, PI,), and will again be seen in their oxygen compounds. 

Excepting bismuth, which is perfectly metallic in its nature, the ele- 
ments of this group form gaseous com pounds with three atoms of hydrogen. 
Ammonia (NH,) possesses strongly basic properties, and combines with 
all acids to yield ammonium salts; phosphine (PH,) combines at the 
ordinary temperature only with hydrogen bromide and hydrogen iodide 
to form salt-like compounds. Arsine and stibine no longer show basic 
properties. Arsenic and antimony, as well as the two preceding elements, 
combine with the hydrocarbons ie.g., CH, and C,Hj) and form 
pounds which are analogous in constitution and similar in charac 
the hydrides. These compounds [As(CH,), and SbCCH,),] will be de- 
scribed in Organic Chemistry ; they possess basic properties and yield salts 
corresponding to the ammonium salts. Compounds of arsenic and anli 
mony corresponding to hydroxylamine and hydrazoic acid are not known. 

The oxygen derivatives of these elements exhibit a gradation simil 
that of the hydrogen compounds. With increase of atomic weight, 
responding to the addition of metallic character, the oxides which form 
strong acids in the lower series acquire a more basic nature in-the higher 
series. 



CARBON GROUP. 

The two non-metals, carbon and silicon, and the metals, tin and ger- 
manium, comprise this group. They unite with four atoms of hydrogen 
or with four atoms of the halogens. 

1. CARBON. 
Atom : C - 11.0a. 

Carbon occurs free in nature as the diamond and graphite. It consti- 
tutes the most important ingredient of all theso-calW organic substances 
originating from the animi^ and vegetable kingdoms, and is especially 
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contained in the fossilized products arising from the slow decompositioD 
of vegetable matter — in peat, in lignite, in bituminous coal, and in an- 
thracite. In combination with hydrogen it forms the so-called mineral 
oils — petroleum and asphaltum. It occurs, further, as carbon dioxide 
(COJ in the air and in many waters; and in the form of carbonates 
(marble, calcite, dolomite) comprises many minerals and entire rock 
formations. 

It is found in different allotropic modifications when free ; these may 
be referred to the three principal varieties— diamond, graphite and amor- 
phous carbon. In all these forms it is a solid, even at the highest tem- 
peratures; non-fusible and only volatile at about 3500^ in the electric 
arc. This def^ortment can only be explained by the supposition that its 
molecules are composed of a large number of carbon atoms (see p. 106). 
All the modifications of carbon are quite stable, but not very reactive. 
When burned all yield carbon dioxide. 

1. The iiiamond OQXMTS in alluvial soils in certain districts (in India, Brazil, and Soiidi 
Africa) ; less frequently in itacolumite, micaceous schist, and xanthophyllite. It was ob- 
served recently in meteoric iron from Cafion Diablo. It has great luster, strong power 
of refraction, and the greatest hardness of all substances. It crystallizes in forms of the 
regular system, which are mostly rhombic dodecahedra, rarely octahedia. Ordinarily, it b 
perfectly colorless and transparent ; sometimes, however, it is colored by impurities. Its 
specific gravity equals 3.5. It does not soften unless exposed to the most intense 
heat — between the poles of a powerful galvanic battery. It is then converted into a 
graphitic mass. When heated in oxygen gas to 700-000® it bums to carbon dioxide 
[see Ber. 23 (1890), 2409]. It is scarcely attacked at all when acted upon by a miztuxe 
of nitric acid and potassium chlorate. 

The diamond has been made artificially. Molten iron dissolves carbon, which sepa- 
rates on cooling, mostly in the form of graphite. If iron, at high temperature, be 
saturated with carbon and then be quickly cooled so that its inner portions are subjected 
to great pressure because of the contraction of the exterior, upon sudden chilling, the 
carbon then crystallizes in the form of the diamond (Moissan). Molten olivine (mag- 
nesium silicate) also dissolves carbon, which again separates on cooling in thefonnof 
little diamond crystals. 

2. Graphite ( ypA^tv^ to write) is characterized by its oxidation to graphitic acid when 
it is heated with a mixture of {x>tassium chlorate and nitric acid. Like amorphous 
carbon, it is oxidized to mellitic acid by an alkaline solution of potassium permanganate, 
or when it is made the positive electrode in the electrolysis of alkaline solutions. (See 
Richter's Organic Chemistry.) QCative graphite is found in the oldest rock formations, 
and of especially good quality at Altai, in Siber ia. It occurs, too, in considerable quan- 
tities at many places in the U nited Sta tes!) It is occasionally found crystallized in six-sided 
forms, but usually as an amorphous, grayish-black, glistening, soft mass, used in the 
manufacture of lead pencils. The specific gravity is 2.25. It conducts heat and elec- 
tricity well. When away from air contact it is not altered even at the highest tempera- 
tures. Qt is the only variety of carbon stable at high temperatures ; when heated the 
other varieties pass into it^ It usually burns when heated in an atmosphere of oxygen, 
but with more difficulty man the diamond, forming carbon dioxide, and leaving about 
2-5 per cent, of ash. To purify the poorer and more impure kinds of graphite, they 
are pulverized and heated with a mixture of potassium chlorate and sulphuric acid ; the 
product is washed with water, and the residue ignited (Brody's graphite). 

Luzi claims two varieties of graphite : graphitite and the true graphite. The first 
does not swell up when moistened with red, fuming nitric acid, and is then strongly 
ignited (Passauer and Siberian graphite). The tnie graphites do swell up under sintilar 
treatment (graphite from Ceylon, New York, Ticonderoga) ; see Ber. 26 (1893), 890. 

Graphite may be obtained artificially by fusing amorphous carbon with iron ; when the 
latter cools, a portion of the dissolved carb«^ — *— ,#^ in hexagonal shining leaflets. 



COMPOUNDS OP CAKBON WITH HVDROGEN. 15I 

c, and fjop^, form), isproducrd by thr caTbonizalion 
iDces, and is found in a fi»siliied state. Nitric &cid 
utd polaMhim chlMUe coDTert il in the cold into brawn lubstonccB suluble in water, 'llie 
pareal •mort^ious cuboD ii loot, which ii obtained by ihe imperfect combustion of rcsint 
nod <m1s (like tnipentine) lich in oubon. Cai carion, calJed metallic carbon, depwuU 
in the nuoufactnre of gas in the rclorts, and is very hard, possessing melnllic luster, and 
condoctiDg electikity well ; hence its nse in galvanic batteries. Cote, resulting from the 
ignition of bituminous co«l, foims ■ sntercd muss, conducting heat and electricity well. 
C^ar^otjl is Tery poii>us, and can absorb mjuiy gaaes and vapors ; ] volume of it con- 
denses 90 volumes of ammonia, 55 volumes oif hydrogen sulphide, and 9 volumes of 
oxygen. At 100', and nnder the air-pump, the absorbed gases are again liberated. 
Charcoal will also take up many odcoous substances and decaying matter ; hence it is 
employed as a disinfectant. Animal ckarcaal is oblmned by Ihe carbonization of animal 
matter (bones, blood, etc.), and possesses the power of removing many coloring sub- 
stances from their solutions ; hence it serves in die laboratory and in commerce for the 
decoloriislion of dark >aluIiaoi. 

All these varieties of caibon contain smaller or larger quantities of nitiogen, hydrogen, 
>nd mineral substances, which remain as ash after combustion. Hydrochloric acid will 
wilbdimw almost all (he mineral constituents. 

The foasit coal varieties, bituminous coal, lignite and turf, are the products of a peculiar, 
■low decay of wood (jber, which gradually separates oxygen and hydrogen, and enriches 
itself in carbon. Fossil coal contains 90 per cent, and lignite 70 per cent, of cailxin. 
The fossil coal richest in carbon, the last product of the alteration, is anlkracilt. Thil 
hu lost all its organic structure, and contains 96-98 per cent, of carbon. 



COMPOUNDS OF CARBON WITH HYDROGEN. 

With hydrogen, carbon forms an unlimited number of compounds, into 
which all other elements, especially oxygen and nitrogen, can enter. 
The derivatives of carbon have been termed organu compounds, because 
they were formerly obtained exclusively from vegetable and animal 
organisms, and the idea was entertained that they were produced by the 
influence of forces other than those forming the mineral stibslances. At 
present, most carbon derivatives are prejiared artificially from the ele- 
ments by simple synthetic methods ; we are aware that they do not differ 
essentially from mineral substances. Hence the description of the carbon 
compounds must be arranged in the general system of chemical bodies. 
This, however, is not readily executed without sacrificing the review of a 
defunct system. The derivatives of carbon are so numerous, and possess 
so many peculiarities, that it appears necessary, from a practical stand- 
point, to treat them apart from the other compounds, in a separate portion 
of chemistry, which we, pursuing the old custom, term organic chemis- 
try. We then designate the chemistry of all other bo/lies as Inor);amc 
Chemistry. Only the simplest carbon compounds will be considered here. 



fit is only under the influence of th^ electric arc that the direct union 
01 rarbon ind hydrogen can be effected; the product is acetylene 
C(^HJ. All other hydrocarbons are obtained indirectly in various ways. 
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Methane — Marsh Gas — CH^. This simplest hydrocarbon is that 
chemical comix>und which is richest in hydrogen; it contains 25.18 per 
cent. It is formed in the decay of organic matter under water (in 
swamps, hence called marsh gas, and in coal mines), and escapes in 
large quantities in many regions of the earth (thus at Baku, on the Cas- 
pian Sea, in Pennsylvania and in Ohio, where the gases escaping from 
petroleum wells contain as much as 90-97 per cent, of methane). It is 
produced in the dry distillation of coal, wood, petroleum and other 
organic substances; hence is a constituent of illuminating gas. Qt may 
be obtained synthetically by conducting vapors of carbon bisulphide and 
hydrogen sulphide over ignited copper filings: 

CS, + 2H^ 4- 8Cu = 4Ci^S + CH^.3 

For its preparation, heat a mixture of sodium acetate with sodium 

hydroxide : 

C,H,0,Na -f NaOH =^ CH^ 4- Na,CO,. 

Its formation from aluminium carbide by the action of water is rather 
interesting. Aluminium hydroxide is also produced (Moissan) : 

AI4C, + 6H,0 = 2A1,0, 4- 3CH4. 

Methane is a colorless, odorless gas, insoluble in water. Its density 
corresponds to the molecular formula CH^. Methane, under great pres- 
sure and at low temperatures (below — 82®, p. 48), is condensed to a 
colorless liquid, which boils at — 164® under the ordinary pressure. Its 
specific gravity is 0.415 at the boiling point. When ignited it burns 
with a faintly luminous flame. It affords a violently explosive mixture 
(fire-damp of the miners) with two volumes of oxygen (or ten volumes of 
air): 

CH. -f 2O, = CO, 4- 2H,0. 

I vol. 2 vols. I vol. 2 vols. 



MOLECULAR FORMULA OP METHANE. ATOMIC WEIGHT OP CARBON. 

The quantitative analysis of methane shows that for every l.oi parts of hydrogen in it 
there are 3 parts of carbon. Were the formula CH (analogous to hydrochloric acid) then 
the atomic weight of carbon would be 3. If it corresponded to the formula of water 
(H3O) or ammonia (NH,) then the atomic weight of carbon would equal 6, or 9 : 

H = i.oi 2H =r 2.02 3H = 3.03 4!! = 4.04 

C=3 C=6 C=9 C=12 

CH = 4.01 CH, = 8.02 CIIj = 12.03 CH4 = 16.04 

All these and many other formulas agree with the analytical results. The gas density, 
however, decides in favor of the formula CH^, because a liter of methane weighs under 
normal conditions 0.71464 gram and this would make the molecular weight, referred to 

O, = 32 (see p. 79). Vl^ = 16.0. 

That the atomic weight of carbon is really 12, is proven by the fact that of all Us 
innumerable derivatives^ not one contains in its molecule less than 12 parts^ by weight 
{therefore in the mol-volume (p. 98) not less than 12 grams) ^ of this element. It follows, 
with certainty, from the periodic system of elements. 
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Fnm the formula CH^ it fbllowi (hmt in I Tolume of metbane there are 1 volumes of 

ClI, contaioi iH, 

This ii pn>Ted indirectlj by (he combiulion of methane with oxygen in a eutliiimetpr 
(lee p. 137). Four atoms of hydrogen yield two muleculca uf waler 1 one atom of carbon 
yieldi one molecule of carbon dioxide, CO, Hence the volume relation in the cumbui* 
tioa of methaoe in oxygen i* eipreued by the equation t 

CH, + aO, = CX), + jn,o. 
ivoL ivola. IV0I. ivolL 
In 3 volumea of aqueota npot there aie 3 volumel of hydrogen ; hence in I volume 
of CH^ there are a votamei of II,, The result of the cudiomelric analysis cunlinni 
these coDcluHOOi 



Ethane or Ethyl Hydride, C,H^ is fonned when hydrogen in 
ttaht nas^eniii »cts upon ethyl bromide; 

C,H»Br + H, = C,H, + HBr, 
or by the action of potassium or sodium u[X>ii methyl iodide (p. 159): 
aCH,I + Na, = C,ir, + aNal. 

This is a colorless gas, insoluble in water, and when ignited it burns 
with a feebly luminous flame. Liquid ethane boils at — 89.5° under 735 
mm. pressure. 

Besides methane {CIIJ and ethane (C,H,1 there exists a long series of hydrocarbons 
oTthe genenl formula C,H„+, (r. ;., C,ll,. C,H,^ C,tl„. etc.). in which each mem- 
ber differs from the piecedinE and next ToUowin^ by iC and zH (Cll,). B<Kliei 
belonging to such a senes, grcally alike in iheir chemical behaviut, ate termed iamolaguts 
(ipHof, sitnilar ; X6yi>i, nature of the affair). In addition tu this scries »f saluialtj 
hydrocarbons others exist, with less hydrogen, and by the addition of the latter, pass 
into the laturateJ, and may, therefore, be termed iinsalHralcU. The fii>\ unsalarattJ 
series has the fonnula C.H„, the second, the formula CBltt>-i, etc. The lowest member 
cf the series C.H,. ii ethylene (>M Chemical Structure, i>. 168). 

Ethylene, C,H^, is formed in the ilestructivc distillation of wood, 
bituminous coal, and many carbon compounds, hetice is containt^d in 
illuminating gas. It is most easily obtained by the action of sulphuric 
acid upon alcohol, whereby the acid withdraws the elemcntsof water from 
the latter r 

C,H,0 — H,0 = c,n,. 

Alcohol. Ethylene. 

It is a colorless gas, of weak, ethereal odor. Its critical temi>craliire 
is 4-10°, and its critical pressure, 51 atmospheres. Under a i)rcs- 
surc of I atmosphere, liquid ethylene boils at — 102°, and when in a 
vacuum at — 150°. It solidifies at — 160°. As it does not solidify on 
vaporizing, it is well adapted for the liquefaction of other gases (p. 48). 
It bums with a bright, luminous flame, dccomi>osing first into marsh gas 
and free carbon : 

C,H, = ai, + C 

The methane then bums and heats the particles of carbon in the flame 
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to incandescence; these are then consumed to carbon dioxide (CO^(see 
Ber. 26 (1893), III, 9). 

The unsaturated compound, ethylene, unites directly with two atomi 
of chlorine and of bromine : 

CjH^ 4- CI, = CjH^CV 

The resulting compounds, C,H^C1, and C,H^Br,, are oily liquids; hence 
the name defiant gas for ethylene. 
The first member of the second unsaturated series is acetylene, C^H^ 

Acetylene is produced in the dry distillation of many carbon com- 
pounds, and is present in coal gas, to which it imparts a peculiar pene- 
trating odor. It is also formed in the incomplete combustion of coal gas— 
e. g., when the flame of a Bunsen burner strikes back. Berthelot sp* 
thesized acetylene by causing the electric spark to strike across from cv- 
bon points in an atmosphere of hydrogen : 

C, -f- H, = CjHy 

No other hydrocarbon has as yet been directly built up from its ele- 
ments. 

The production of acetylene by the action of water or dilute acids 
upon metallic carbides is very interesting, e. g.^ from 'calcium carbide: 

CaC, 4- 2H,0 = C,H, + Ca(OH),. 

Pure acetylene is a colorless gas with a peculiar odor. It can be readily 
condensed. Its critical temperature is 37^; its critical pressure equals 
68 atmospheres. At o^ it may be liquefied by a pressure of 21.5 atmos- 
pheres. Liquid acetylene boils at —83®. When it is poured it changes in 
part to a snow-like, combustible mass. At 19.5^, i kilogram of liquid acet- 
ylene will yield 896 liters of gas under the ordinary atmospheric pressure. 
At medium temperatures it dissolves in an equal volume of water; there- 
fore, it must be collected over strong salt solutions. It is very soluble in 
acetone, i volume of the latter dissolving 25 volumes of acetylene at the 
ordinary temperature and pressure. 

Being an unsaturated hydrocarbon it combines with chlorine; with 
two or four atoms of the same : 

It is chemically very much like hydrazoic acid (p. 132). It possesses acid 
properties but these are not so pronounced as in the case of hydrazoic 
acid ; acetylene and many of its metallic derivatives are explosive (p. 31). 
As a result of observations made by Willson, an American, when 
attempting to prepare the alkaline earth metals by the reduction of their 
oxides with carbon in theelcctric furnace, calcium carbide has been made 
since 1894 on a large scale, for the purpose of producing acetylene by the 
method employed by Moissan. As acetylene is now so readily accessible 
it [)lays an important rdle as an illuminant. It burns, on issuing from a 
small aperture under a definite pressure, with a blinding white flame, 
almost free from soot. As it is readily condensed it is especially adapted 
for the illumination of vessels, trains, etc. 
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Mixtures of acetylene wilh from 1.25 tu lovoliimcs of air are explosive; 
a most poweiful explosion will occur when the proportion is i volume of 
acetylene and la volumes of air. The acetylene prej^rcd from commer- 
cial calcium carbide usually contains hydrogen sulphide and phosjiliide. 

Compare : Fr. Liebetanz, Calciumkarbid und Acetylentcchnik, 2- 
Aufl., Leipzig, 1899 ; F. Dommer, Calciumkarbid und Acetylen; 
dcutsch von Landgraf, MUnchen und Leipzig, 1898. 

The three hydrocarbons considered above, methane (CH,), ethylene 
(C,HJ, and in slight amount acetylene (C,H,), constitute, together with 
hydrogen and carbon monoxide (CO), ordinary illuminating gas, which is 
produced in the dry distillation of bimminous coal, lignite, or wood. 
The illuminating power is influenced by its quantity of ethylene and acet- 
ylene (and their homologues). 

I indicate that all bydrcxxrbon* tre broken down by (he heal of the 



I,ate inyesligBti 



flameinto acelylene and carbon, which then bum and become luminous (see Z. f. anorg. 
Ch. g {1895). ^33). 



THB NATURE OP FLAUE. 
We are aware that every chemical union which occurs in a gaseous 
medium, and is accompanied by the evolution of light is designated com- 
bustion. Some bodies, like sulphur and phosphorus, yield a flame when 
burned in the air or in other gas; such sub- 
stances are converted into gasesor vapors at the 
temperatureof combustion. Pure carbon burns 
without a flame, becomes incandescent, because 
it is non-volatile. The carbon compounds, 
wood, bituminous coal, and tallow, are, indeed, 
not volatile, but burn with a flame because 
under the influence of heat they develop com- 
bustible gases, ^lame is, therefore, nothing 
more than a combustible gas heated to incan- 
descence j We know, too, that hydrogen burns 
in o-iygen and chlorine, conversely, oxygen and 
chlorine will burn in hydrogen (p. 57), and 
that illuminating gas burns in the air, therefore 
air (its oxygen) burnsin the former, Thismay 
be demonstrated in the same manner as in the 
case of chlorine and hydrogen. 



theft 
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two Ribes enter; Ihe narrow tube, a, somewhal c 
traded at itiend, is connected with a gas slup-cock ; (he other lube, i^(be^l u cork-borer), 
is aboul S roni. wide, and communicites with the air. The gas issuing ftcmi the tube a 
ti ignited, and the chimney is then dropped over the not too large flame ; il continues lo 
bum aloi^ (|uietl7, as aoffictenl air enters through the wide tube b. Upon increasing the 
■apply of gai, the flame becomes Urger, ibe globe Itltl with illuaUDaV\ti% %u, -«^\U. ^^ 
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kir is displaced. The gas flame k exlinguished, and an air flame apf 
wider tube, i, as the enterii^ ajr continues lo bum, in the almoiphcK of illtn 
p3. The eicess of the latter escaping from the apper portion of the globe n , _. 
■galled, and we then have a gas flame above, while withia the globe we have an aji Same. 
On again lessening the gas flow the air flame will distribute ilseiC, eiteod to the exil «f 
Ihe tube a, and then the gas flame wilt appear upon the latter, while the flame above the 
globe is extinguished. In this manner, we may repeal (he return pnices* of flamnit 
will. That the air actually bums in (he air flame ma^ be plainly proved if we inlnidBce 
a small gas flame from c, through the wide metallic tube i; lh« little flame will coo- 
linue lo bum in the air flame, but will be extinguished if it be introduced hlghei ^ 
Into the atmosphere of illuminating gas. 

We say ordinarily that only those bodies are combtistible which burn 
in an atmosphere of oxygen or in air. If we imagine, however, an at- 
mosphere of hydrogen, or illtuninating gas, then bodies rich in oxygen 




Fig, 58. 



must be combustible in these. In fact, nitrates, chlorates, etc., bum in 
an atmosphere of illtiminating gas with the production of an oxygen 
flame. This may be demonstrated as follows: An Argand lamp chimney 
(Fig. 58) is closed at its lower end with a cork, bearing a gas-conducting 
tube. The gas which escapes through the opening of the metal cover, 
a, is ignited. Then the substance (potassium or barium chlorate, ett^) 
is introduced into the flame on an iron spoon provided with a long 
handle, heated to the temperature of decomposition (disengagement of 
oxygen), and the spoon then plunged through the opening into the gas 
atmosphere. The substance burns with a brilliant light, and gives a 
characteristic flame reaction. 




TBX DENSITY OF THK GAS OF FLAUES. 
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The brilliancy or biminatity of a flame is influenced by the nan 
the substances contained in it, also by their temperatuTe and density 
tzandcscent gases shine very faintly per se ; this is es|>ecial)y true when 
they are diluted. Thus hydrogen, ammoDia and methane burn with a pale 
flame. Even sulphur burns in the air with aslightly luminous flame. Gt> on 
the contrary, aulfdiur or phosphine be permitted to burn in pure oxygen, 
or arsenic and antimony in chlorine gas, an intense display of light fol- 
lows. This depends on the fact that the flame is not diluttd by the nitro- 
gen of the air, and therefore develops a higher temperaturej |Tlial the 
density of the gas of flames exercises a great influence upon the lumi- 
nosity is proved by the fact that hydrogen, compressed into a smaller 
space with oxygen, bums with intense light^ 

A slightly luminous flame may be rendered intense by introducing solid 
particles into iL For example, if hydrogen be passed through liquid 
chromium oxychloride (CrO,Cl,) it burns with a bright, lumi- 
nous flame, because the chromium oxychloride is changed by 
the high temperature, with the absorption of hydrogen, into 
water, hydrochloric acid, and solid, non-volatile chromium 
oxide, whose particles are heated to incandescence by the 
hydrogen flame. The illuminating power of the various 
hydrocarbons and carbon compounds is similarly explained. 
Marsh gas, CH,, and ethane, C,H,, give a pale flame, be- 
cause they burn directly to aqueous vapor and carbon dioxide; 
ethylene, on the contrary, burns with a bright, luminous 
flame, because, by the temperature of combustion, it dtfcnni- 
poses flrst into methane and carbon, whose particles glow in 
the flame (see p. 153)- 

Let us consider the flame of an ordinary stearin candle: On 
approaching the wick with a flame the stearin melts, is drawn 
up by the flben and converted into gaseous hydrocarbons, 
which ignite, and by their chemical union with the oxygen 
of the air produce the flame. Three zones are distinguish- 
able in this flame. The unaltered gases exist in the inner non-volatile 
zone a (Fig. 59); they cannot burn l>ecatise of lack of air. If the 
lower end of a thin glass tube be inserted here the gases will rise in it, 
and may be ignited at the upper end. There is a partial combustion of 
the gases in the middle, luminous part, /, e, g; ethylene, C,H,, breaks 
down here intomethane, CH,, and carbon, C; the flrst burns completely, 
while the carbon is heated to a white heat, because there is not sufticieni 
oxygen present for its combustion. The presence of carbon jKirticIcs in 
the luminous part may be easily proved by placing a cold glass nid or a 
wire in it ; it will at once be covered with soot. 

In the outer, very feebly luminous and almost invisible mantle, h, e, d, 
of the flame, which is completely surrounded by air, occurs the perfect 
combustion of all the carbon to carbon dioxide. 

A perfectly identical structure is possessed by the ordinary illuminating 
gas flame. By bringing as much air or oxygen into it as is necessary for 
the complete combustion of all the carbon, none of the latter sep.iraics 
(see p. 158), and there is produced a faintly luminous but very hot flame. 
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Upon this principle is based the construction of the Bunsen burner, the 
flame of which is employed in laboratories for heating and ignition. 
Fig. 60 represents a form of the same. The upper tube, c, is screwed 
into the lower portion, and in the figure is separated merely for the sake 
of explanation. The gas enters through the narrow opening, a^ from the 
side gas tube, and mixes with air in the tube ^ which enters through 
the openings of the ring, b. In this way we obtain a flame which is bat 
faintly luminous, although affording an intense heat. On closing the 
openings in b the air is cut off, and the gas bums at the upper end of the 
tube c with a bright, strongly smoking flame. The non-luminous flame 
contains an excess of oxygen, and hence oxidizes — oxidizing flame. It 
is employed to effect oxidation reactions. Its temperature is about 1 200^ 
The luminous flame, on the other hand, is reducing in its action (tem- 
perature 1000^ C), and is designated the reducing flame^ because the 
glowing carbon in it abstracts oxygen from many substances. 

The non-luminosity of the Bunsen burner flame, due to addition of air« depends on i 
more complete combustion of the separated carbon or of the yet nndecomposed hydro- 
carbons. 

Another variety of non-luminosity of hydrocarbon flames is induced by the ad- 
mixture of inactive gases, like nitrogen and carbon dioxide. By this means the 
flame is enlarged and the combustion, as in the luminous flame, takes place only 
in the outer cone ; further, the temperature is lowered, and probably does not 

acquire the decomposition temperature of methane and 
ethylene. The simple extension of an illuminating flsme 
upon a plate, will render it non-luminous, because then 
the air comes in contact with a larger flame surface. On 
heating a gas made non-luminous by the admixture of 
nitrogen, and then letting it bum, its flame becomes lunu- 
la nous because the increased temperature can induce the 
decomposition of methane. 





Fig. 60. 



Fig. 61. 



In rendering flame non-luminous by caibon dioxide, we must also consider that the 
same is converted, by the particles of carbon, into carbon monoxide : 

CO, -f C = 2CO. 

Indeed, but a few per cent, of carbon dioxide in a gas flame suffices to consideiably 
diminish its luminosity : 

C,II, -h CO, = CH^ -I- 2CO, 
X vol. X vol. X vol. 2 vols. 

while the presence of nitrogen is far less detrimental. 
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Every gubsUncerequiret a defioite temperature for its ignition — tfm- 
feraiurt 0/ tgnituH. When a substance is once ignileil it generally bums 
nirther, because additional particles are rai«?il to the lumiicrauire uf 
ignition by the heat of combustion. By rajiid cooling {r. g., by the 
introduction of a piece of metal into a small flame) every flume may be 
extinguished. By holding a wire gauze over the u]>eiiing of a gas lamp. 
from which gas issues, and igniting the same above the wire (Kig. 6i), 
the latter, being a good conductor of heat, cools the flame so much that 
it is incapable of igniting the gas below the gauze. Ujmn this phe- 
nomenon depends the construction of Davy's safety lamp, which is u-scd 
in coal mines to avoid ignition of the fire'danip. It is an ordinary oil 
lamp surrounded and shut off from the air by a metallic wire gauze. On 
bringing a lighted lamp of this sort into an explosive mixture, ur into a 
combustible gas (e. g., into a large jar, in which ether is present), the 
gas penetrating into the lamp will bum, but the combustion will nut ex- 
tend to the external gases. 



COMPOUNDS OP CARBON WITH THE HALOGENS. 

Carbon combines directly with fluorine alone of the halogens, forming 
gaseous carbon tetrafluoride, CFl,. Compounds with all the halogens 
result, howei-er, by the action of the latter ujxin the hydrocarbons. We 
have seen that chlorine and bromine act upon water, ammonia, hydro^'en 
mlphide, etc., in such manner as to unite with the hydrogen to form 
hydrogen chloride, etc., while the other element is either sti free or is 
also combined with the chlorine (p. i?8). Chlorine acts similarly upon 
the hydrocarbons; here hydrogen is displaced, atom after atom, by 
chlorine, forming hydrogen chloride and chlorine derivatives: 

CH, + a,^ cii.a + nci, 
en, + aci, ^-- cn,ci, + iiui, 

CH, + 30, = CIICI, + jlia, etc 

Sttch a process is termed tuiiHlution, and the products tuhstitution pro4- 
meti. These halogen derivatives are distinguished from the halides of 
other non-metals by their comparatively greater stability toward water 
(sec pp. 148, 161). In this way we obtain from methane, CH„ the 
products, CH,C1,CH,CI„ CHCI, (chloroform) and finally CC1„ carbon 
tetrachloride, a colorlea, ethereal liquid, boiling at 76°. 

The coinpoond C,Cl,,he»«chkirgth«ne,cihhiincil hy the aclinn oT chltirinp ujKin clliane, 
C^H„ isx^IallineukM, melting and boiling at 186°. Onconiluclingils va|«iri llin>U|;li 
■ red-hot lobe Ihcj decompow into etbrlcne tetnchloride anil chliiriiK : 

C,C1, — C,C1, + cv 

Eltyltnt Mrarihridt.C^u I* a liquid bmling *t IZZ°. 

Floorinr, faraoiiiie, and iodine field limilar compounds; they will l>e trcalril ni<<e 
nbuutively in ^taak CheM iii tf y. 
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The heats of formation of the previously mentioned hydrocarbons (fiom 
carbon and hydrogen) are deduced from the heat of combustion, and equal : 

(C,H,) = 21.7 ; (C,,!!.) = 28.6 ; (C„HJ = -2.7 ; (C„H,) ^47-8. 

The absorption of heat in the formation of acetylene, CJt\^ and ethyleDe, C^H^ ■ 
explained by the fact that the solid carbon molecules must first be gasified and sepiuilii 
into atoms in order to unite with hydrogen. The energy requisite for this equals voy 
nearly 39.7 Cal. for 12 parts by weight of amorphous carbon (76.4 Cal. for 24 parti); 
then the preceding heats of formation must be increased about thb amount, in ocder to 
express the true heat of formation (from gaseous cartx>n atoms) of the hydrocarbons. 

Beginning with acetylene, C,H., we discover that its conversion into ethylene, C,H^ 
and into etlmne, C^H^, ensues witn heat disengagement : 

(C,H„H,) = 45.1 ; (C,H„H,) = 25.9 

In accordance with this acetylene readily unites with hydrogen (in statu naseen£, or 
by action of platinum sponge), forming ethylene and ethane. 

The heats of formation of the carbon chlorides approach those of the hydrogen 
tives very closely : 

(QCl^-gas) = 21.0; (C„a,-gas) = —I.I 



2. SILICON. 

Atom : Si ^ 3&4. 

Silicon next to oxygen is the most widely distributed element in nature. 
Owing to its affinity for the latter it does not occur in a free conditioD. 
Combined with oxygen as silicon dioxide (SiO,),and in the form of salts 
of silicic acid (silicates) it comprises many minerals and almost all the 
crystalline rocks. 

It was first obtained in a free condition by Berzelius (1823) on heatiDg 
potassium silico-fluoride (K^SiFlJ with metallic potassium: 

K^iFl, 4- 4K = 6KF1 4- Si. 

The ignited mass is treated with water, which dissolves the potassium 
fluoride and leaves the silicon as a brown, non-lustrou s, atiwrphoui pow « 
der . It can also be obtained by heating silicon fluoride (SiFl^) with 
sodium, or very readily by igniting a mixture of quartz sand (silicon di- 
oxide) with magnesium powder [see CI. Winkler, Ber. 23 (1890), 2652]: 

2SiO, 4- 2Mg = Si -I- 2MgO. 

It burns to silicon dioxide (SiO,) when heated in the air. 

Another modification — the crystalline silicon — discovered by St. Claire 
Deville, is obtained by fusing sodium silico-fluoride with aluminium or 
with sodium and zinc. The separated silicon dissolves in the molten 
zinc, and on cooling, deposits out in crystals, which remain on dissolving 
the zinc in hydrochloric acid. CThe crystalline product consists of black, 
shining octahedra and needles, of specific gravity 2.49, and of very great 
hardness.^ Upon ignition in the air or oxygen it is not oxidized; it is not 



attacked by acids. On boiling it with a sodium or potassium hydroxide 
solution it dissolves, fonuing a silicate and liberatini; hydrogen : 

Si + 4KOH = K,SiO, + jH, 

Heated in chlorine gas, silicon bams to the chloride. 

Hydrogen SUicide, SiH,. the analt^ue of CH,. is produced like 
aisine and siibine by dissolving an alloy of silicon and magnesium in 
dilute hydrochloric acid 1 

Uc^ + 4Ha = SH, -I- allgClr 

Such an alloy can be obtained by heating finely pulverized quartz or 
glass with i^ times iu quantity of magnesium powder. The escaping 




hydride contains admixed hydrogen, has a disagreeable odor, ignites 
spontaneously in the air, and burns to the dioxide and water: 

SiH, + aO, = SiO, + *H,0. 

Perfectly pure silicide, free from hydrogen, is obtained by heating the 
compound, SiH(O.CgH,)„ which will be described in Organic Chemistry. 
Id the air at ordinary pressure it ignites only u|>on warming; if, however, 
the gas, by diminution of pressure or by the addition of hydrogen, is 
diluted, it becomes spontaneously combustible at the ordinary tempera- 
ture. A red heat decomposes the hydride into amorphous silicon and 
hydrogen. When mixed with chlorine it inflames and probably forms 
substitution products similar to those of methane (CH J. Pure hydrogen 
silicide condenses toa liquid at — 1° and a pressure of 100 atmospheres. 

Silicoa Chloride, SiCL results from the action of chlorine npm 
silicon, or magnesium silicide, or by conducting chlorine over an ignited 
mixture of the dioxide and carbon (Fig. 61) : 

SK^ + aC + aCI, = Sia, + iCO. 
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The mixture is placed in a porcelain tube, which is heated to a red 
heat. The chlorine generated in the flask is dried in the two calciom 
chloride towers and the silicon tetrachloride is condensed in the recdm 
chilled with ice-water. While carbon or chlorine does not act separatdj 
upon the dioxide, when they act simultaneously the reaction is induced by 
the mutually supporting affinities of carbon for oxygen and of chlorine 
for silicon. 

Silicon chloride is a colorless liqui d, having ^ specific gravity of 1.5, 
and boiling at 59^. It fumes m the air, and is decomposed by water 
into silicic and hydrochloric acids: 

Sia^ + 4H,0 = H^SiO^ + 4HCL 
This is a remarkable distinction between it and carbon tetrachloride. 

Silicon chloride may be employed in determining the atomic weight of silicoD. Axiahftu 
shows that it contains 7. 1 parts of silicon for every 35.45 parts of chlorine. Supposing, 
from the great analogy of the silicon compounds to diose of carbon, that its fonnola is SiQ^ 
the atomic weight of the silicon would be 28.4 : 

Si = 28.4 

a, = 141.80 (4 X 35.45). 



SiCI^ = 170.20 

This supposition is confirmed by the vapor density of the chloride and other deriva- 
tives of silicon. 

Silicon Bromide, SiBr^, and Silicon Iodide, SiL, are formed 
in the same manner as the chloride. The first is a colorless liquid, of 
specific gravity 2.8, becoming solid at — 12® and boiling at +153*. 
The iodide forms colorless octahedra, melting at 120^ and boiling at 290^. 
Like the chloride, both are decomposed by water. 

Besides these compounds, which may be viewed as hydrogen silicide, in which all of the 
hydrogen is replaced by halogens (see p. 159), others exist in which only a part of thb 
element is replaced. Thus, silUon chloroform^ SiHCl,, corresponds to the chloroform 
(CHClg) derived from methane. It is produced by the action of phosphorus pentachlo- 
ride, or antimony pentachloride, on hydrogen silicide : 

SiH^ + aSbQj = SiHQ, -f aSbQ, + 3HCI ; 

or upon heating silicon in dry hydrogen chloride gas : in this case a mixture of the tetim- 
chloride and silicon chloroform results (see also Ber. aa, 188). These compounds may 
be separated by fractional distillation. Silicon chloroform is a colorless liquid, of specific 
gravity 1.6, and boils at 35-37°. The vapor density corresponds to the molecular 
formula SiHCl,. It fumes in the air, and decomposes with water into silicic and hydro- 
chloric acids. 

The silicon bromoform, SiHBr,, and iodoform, SiHI,, are very similar to chlorofonn ; 
they correspond to the analc^ous carbon compounds. 

The compounds SijCl^ and Si^I^ are known. They correspond to hexachlorethane, 
CLCIf. From all these data we observe the analogy, based on formulas alone, between 
silicon and carbon. 

Silicon Fluoride, SiFl^, is formed when hydrofluoric acid acts upon 
silica : 

SiO, + 4HFI = SiFl^ + 2H,0. 

To prepare it, a mixture of fluorite and powdered glass, or sand (SiO,), 
is warmed with sulphuric acid ; by the action of sulphuric acid upon the 



fluorit^ hydrogen fluoride (p. 64) is disengaged, and this reacts upon the 
silicon dioxide in thenunner indicated in the above equation. The liber- 
ated ^as is collected over mercury. 

lit is colorless, has a penetrating 

•odor, and fumes strongly in the 

pir. Its vapor density corresponds 

to the molecular Tormula SiFl,. 

Its deportment with water is very 

characteristic ; it is decomposed 

thereby into silicic acid (H,SiO^) 

and hydrogen si lico- fluoride : 

jSiFl. + 4H,0 = H.SiO, + 

aH^iFl,. For the execution of 

this method, conduct the tetra- 

fluoride through a glass tube 

into a vessel containing water 

(Fig. 63). Gelatinous silicic acid 

separates out, and the gaseous 

hydrogen silico-fluoride (H^iFi,) 

remains dissolved in the water. 

As the separating silicic acid 

may easily obstnict the opening 

of the glass tube, the latter is 

allowed to project a slight distance into mercury. The solid silicic acid 

is separated from the aqueous solution by filtration. 

Hydrogen Silico-fltioride, H,SiPI„ is only known in aqueous solu- 
tion. Upon evaporation at a low heat it decomposes into the tetrafluor- 
ide and hydrofluoric acid (SiFI, and 3HFI). In its chemical deportment 
it is an acid similar to the hydrogen -halogen acids. Its aqueous solution 
rcddcnsbluelitmus-paper,dis8olvesmany metals, and saturates bases, form- 
ing salts with them, in which two hydrogen atoms are replaced by metal. 
The potassium and barium salts dissolve with difficulty in water. 




Fio. 63. 



Silicon Carbide, t^bomndnm, SiOt This remarkable mbsUncewudiscoverFil by 
Acheson wliai, at the sagBnlioiKirEdiion, he endeavored lodiisolve carbon in Tused and 
higbly heated alnininiiunBUcate, hoping liiat when the mau coaled diamonds would appear. 
MBhlUbuer determined its composition. Caiborundum is produced by healing a mixture 
of Mnd and coke, will) mII as a flax, in the electric furnace to about 3500° : SiO, -|- 3C 
= SiC +- aCO. When pore it consists of brilliant green crystals of specific gravity 3.ZZ. 
It is inscdoble in the onlinair aolvenu and bums with difficulty even in oxygen. It is 
attacked by molten caoilic alkalies and alkaline carbonates. In hardness it ranks next 
to boron carbide and the diamond ; hence it is beaten into powder and used as an abra- 
tive, superior to anything known at present in this tine. See Metallic Carbides ; also Z. 
f. anoig. Ch. 5 (1894), 104; O. N. Witt, Die chemische Industrie auf dei Kolum- 
bischen WdtaawtellDng xn Chiki^ (1894), 124; F. Ahiens, Die Meullkarbide und 
iliie Verwendu^ Stnt^iut, 1896. 



tr e//irmali0m of die halogen deriratlves of nlicon are as follows : 
(SI,CIJ= 157.6 i {a,BTj = no.4; (Si,I,) = s8.a 
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Their ready decomposability by water may be accounted for if the heat of formaticMi 
of silicic acid be considered : Si, O. == 219.0 Cal. Their deportment toward oxygen is 
also very interesting. The heat disengagement, in their transpositioDy following the 
equation 

SiX^ + O, = SiO, -f 4X, 

eauals 61.4 Cal., with the chloride, 98.6 Cal., with the bromide and with the iodide 
161.0 (= 219-58) Cal. Therefore, oxygen must liberate the halogen atoms present in 
them. And this occurs with the chloride and bromide when raised to a red heat, while 
the iodide inflames in the air, yielding silicon dioxide and iodine vapor. 



Tin, Sn = 118.5, ^^^ ^^^ recently discovered (1886) Germanium, 
Ge = 72, attach themselves in chemical character to the group contain- 
ing carbon and silicon. They bear the same relation to the latter 
elements which arsenic and antimony bear to the members of the nitrogen 
group. This is evident in their atomic weights : 



N — 14.04 


P = 3'o 


As = 75 


Sb — 120 


C— 12.00 


Si =: 28.4 


Ge=72 


Sn= 1 18.5. 



Germanium and tin, like carbon and silicon, form volatile compounds 
with four atoms of the halogens, e. g., GeCl^ and SnCl^ In a similar 
manner they unite with oxygen to yield dioxides, e, g.^GtO^ and SnO,, 
which resemble silicon dioxide in having an acid character. On the 
other hand, they do not form volatile hydrogen derivatives, and are thus 
markedly distinguished from the other non-metals. Therefore germa- 
nium and tin, with their higher analogue, Lead, will be treated with the 
metals. 



In the preceding pages we have considered four groups of elements, 
comprising all the so-called metalloids (with the exception of boron). 
In each group the last members, possessing the highest atomic weights, 
exhibit very distinct metallic properties. This is clearly the case with ger- 
manium and tin, antimony and arsenic in the free condition. Tellurium 
and selenium also (in the crystalline modification) possess marked metallic 
appearance; finally, iodine has a metallic luster. The affinity for hydro- 
gen, on the other hand, diminishes with increase in metallic character; 
the hydrides of iodine, tellurium, antimony, and arsenic are very un- 
stable, and decompose readily into their constituents; finally, ger- 
manium, tin, and bismuth do not combine with hydrogen. 

The remarkable relations between the atomic weights of the elements 
of the four groups are noticeable in the following table: 

C = 12.00 N = 14.04 O = 16.00 Fl = 19 

Si = 28.4 P = 31.00 S = 32.06 CI = 35.45 

Ge =72 As = 75 Se = 79. i Br = 79.96 

Sn = 118.5 Sb = i20 Te = i27 I =126.85. 

A fuller consideration of these relations will be given in the presenta- 
tion of the Periodic System of the Elements. 
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THE VALENCE OF THE ELEMENTS. CHEMICAL 
STRUCTURE OF THE MOLECULES. 

Each of the elements of the group of halogens forms but one compound 
with hydrogen : the halogen hydride. In the case of the elements of the 
other three groups just considered this simplicity occurs exceptionally. 
Thus, oxygen and sulphur each form two hydrogen derivatives: 

H,0 ind H,0,; H,5aDd H,S,. 

The hydrides are even more numerous with phosphorus and nitrogen, and 
with carbon they are almost too numerous to mention. In this confusing 
multiplicity simple relations can be reached if attention is directed solely 
to that derivative of the metalloid which contains tiie most hydrogen — 
to the compound in which the power of the metalloid to unite with hydro- 
gen attains its maximum. We would then have the following hydrides, 
which in turn are arranged in groups: 

CH, NH, OH, FIH 

OH 



SiH, 


PH. 


Sll, 




AsH, 


SeH, 




SbH, 


TeH, 



Not one of the many hundred combinations of carbon with hydrogen 
contains more of the latter element than methane ; ethane, C,H„ follows 
methane in this respect, but it contains only three atoms of hydrogen to 
one of carbon, and in all the other hydrides of carbon less even than three 
atoms of hydrogen are present for each atom of carbon. It must, there- 
fore, be concluded that the carbon atom under the conditions accessible 
and known to us is not capable of combining with more than four atoms 
of hydrogen. The same is true of the other elements which have been 
mentioned. Facts oblige us, therefore, to ascribe a peculiar function of 
afRnity to each element, in its relation to hydrogen, which it does not 
exceed. This is called its vaUncf or atomicity. The elements of the 
fluorine group are univalent ; the elements of the oxygen group bivalent ; 
nitrogen and its analogues, trivaleni; carbon and silicon, finally, are 
quadrivalent elements. The iargest number of hydrogen atoms with which 
ene atom of an element can combine determines the valence of the latter. It 
has been customary to attribute to the elements, in accordance with their 
valency, affinity units or valence units, (. e., to say that carbon has 
four aflinity units, oxygen two, etc. This is intended, however, only 
to indicate that one carbon atom can combine with but four hydro- 
gen atoms, one oxygen atom with but two hydrogen atoms, etc. (see 
p. 1 66). 

The valence of the elements is frequently designated bylines or Roman 
numerals placed above the symbols : 

I II III IV 

a o N c. 
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The mutual union of affinity units is indicated by one line; 

H 

H— a H— O— H N 

Hvdrofiren Water. / \ 

cnloride. u u 

Anmofifau 

In these formulas the atoms of oxygen, of nitrogen, of carbon — indeed, 
of all the multivalent elements — represent, as it were, the nuclei to which 
the hydrogen atoms attach themselves. 

The hydrogen atoms in these molecules can be replaced or substituted 
by other elements (p. 159). According to this, an atom of each of the 
univalent halogens can replace one hydrogen atom: 

o<H o<« o<c| N^ SbZa 

Water. Hypochlorous Chlorine Nitrmn Antimonjr 

acid. oxide. iodide. trichloriae. 

It is more convenient to employ brackets instead of the lines: 



IV 

C 



fH 



a ^^ 

a 



ra 
a IV 



a S'^ 



fH 

a 
a 
ci. 



a 

Chloroform. Carbon Silicon 

tetrachloride. chloroform. 

By the replacement of hydrogen in the preceding hydrogen compounds 
by the univalent metal potassium, we obtain 



II II III I rt IV 

K— a o<|J n4k c 

Potassium chloride. ... IK 

Potassium hydroxide. _ . /^ . 

*^Qi(l^, Potassinm methide. 



fH 
H 
H 
K. 



The bivalent elements, like oxygen and sulphur, replace two hydrogen 
atoms in the compounds of the latter element : 

III /CI IV /H iv^ IY><^ IV ^ 

Sb=0 ^^ " ^^ '^ ^'"^ 



AnUmon. ^^ <0 <S S<0. 

oxychlori^e. Methylene i>jSS» tU^ISSe. dIS. 

Finally, trivalent nitrogen can replace three atoms of hydrogen, or 

three of the halogens : 

III 
IV rN I IV III 

C\H or H-C=N. 
Hydrogen cyanide. 

Ill 
IV /N I IV III 

C \ a or C1-C=N. 
Csranogen chloride. 
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In lbe*e Mbititutioiii, in which Itie eletnenU replace ime another atom for alum, we 
possess ■ means of detciniiiiing the molecular weighls, previously found from the densities, 
in a purelj cheminl manner. Thus, mellune, (he molecule ot which must from ill 
densitj be represented bjr CH., can hive its hydrogen nloaii replaced one after the other 
by chlorine and four compounds, CII,C1, CH,C1„ CHCl, and CCl, resulL Analysis has 
determined their composition. If the molecule of methane were represenled by a Uiger 
formula, say CM., then upon chlorinadon there would result not foul but eight differtnl 
chlorinated methanes: C,II,a, C,H,C1„ C.HjQ,, etc., of which four (C,H,a, C,li,Cl„ 
C,H,C1„ C,HC1,) would, 10 far as romposition is concerned, differ veiv decidedly from 
the preceding. Since, however, never more than four chlorinated uielhanei hare been 
made, and nerer ooe which contained more hydrogen than CH,(.1 or one having less 
hydrogen lliaa CEiQ^ we conclude in a purely chemical way that methane must have the 
fiHmulaCHj. Thia method of determining mcdecular weights can also be applied where 
the vapor density is not applicable. 

These substitutiona (replacements) allbrd a clue to the magnitude of the atomic 
weights of many elements, in so far as. as bai already been repeatedly emphasiied. tit 
atomii xstighl it the tmnlltst guaHlily of an tl/mtnl nkuk is firtiml in Ikf me/tcuh ef 
any of ift nmfmutdi. If il is found that the smallest quantity by weight of chlorine 
which enters the molecule of any of its derivatives is (o the replaced hydrogen as 
35.45 : 1. 01 (O = 16) then it must be assumed that these numbers represent the atomic 
weights of the two elements. 

^ke valence is designated by the word tquivaltnif. One alotn of chlorine is equiva- 
lent to one atom of hydrcf^n ; 35.45 parts, by weight, of chlorine are, then, equivalent 
to l.oi parts, by weight, of hydrogen. One alcm of oiygen is equivalent to two atoms 
ot hydrogen ; consequently, 1.0s parts, by weight, of hydrogen are equivalent to 16.00 
paiti, by weight, of oxygen, or i.ol parts of hydrogen to S parts of oi)^en. Furiher, 
one atom of nitrogen, or 14.04 pans, is equivalent to three atoms or 3.03 parts of 
hydrogen ; l.oi parts of hydrogen is, therefore, equivalent to — ^ = 4.68 parts of nitro- 
gen, etc. These quantities, equal to 8 parts, by weight, of oiygen, are termed tqniva- 
Itnt ■wtigku, and were fonoerly employed instead of the atomic weights (p. 70). As 
may be observed from the preceding, the equivalent weights of multivalent dementi 
are parts of the atomic weighli which correspond to the valence (A the elements. 

If, coDsequently, the valence of the elements, in relation to hydrogen 
(also to other elements), has a definite value, the t^ueslion naturally 
arises — what will result if an atom of hydrogen be withdrawn from the 
saturated molecules, t. g., water, H,0, ammonia, NH„ or methane, CH,? 
The resulting groups or residues: 

II HI IV 

-O-H -N-H, -C-H,. 

Hydroiyl. Amide. Methyl. 

can plainly not exist in a free condition. When set free, these groujis, 
therefore (like the elementary atoms), unite and form saturated molecules. 
Thus, fof example, we obtain the bodies: 

II II III III lU 111 IV IV 

HO-OH H,N-NH, li-P-PH, H,C-CH,. 

Hydnwen Dlamlde. Liquid Dimethyl 

peroxide. tiydroiwB or 

phospiiide. Ethane. 

Carbon is particularly inclined to such combination. Ujwn remov- 
ing an atom of hydrogen from dimethyl or ethane (C,HJ the so-called 
ethyt group remains : 

IV IV 
C,H,- or CH.-CH,-^ 
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in which one carbon affinity is unsaturated ; this can again unite with the 
methyl group, CH,. The resulting compound would be : 

IV rv IV 
CjHg or H,C-CH^H, or C,Hj.CH,. 

By the continuation of this process of a chain-like union, as it were, 
of the carbon atoms, we obtain a whole series of hydrocarbons (C^H,^ 
CjH,„ etc.) with the general formula C,H^+j (compare page 153). 

Not only similar residues or groups, but dissimilar also, combine in 

this way: 

III II rv 11 rv III 

H,N-OH H,C-OH H,C-NH^ 

Hydroxylamine. Methyl hydroxide. Methylamine. 

Soch combinations are generally effected by reactions of double decomposition. Thus 
methyl hydroxide (wood-spirit) results from the action of methyl iodide (CH^I) npoo 
silver hydroxide (AgOH) : 

CH,I + AgOH = CH, . OH + Agl ; 

methylamine by the action of methyl iodide upon ammonia : 

CH,I -f NH, = CH, . NH, -f HI. 

Dimethyl is produced when sodium acts upon methyl iodide : 

2CH,I + Na, = CjHe + 2NaI. 

By the withdrawal of iodine by the sodium the methyl groups are liberated, and then 
combine with each other. 

Further, the atoms with several valences can unite with two and three 
affinities {double and triple union ; there being no intention to assert with 
what firmness this union exists) : 



III III 


IV IV 


IV IV 


N^N 


H,C=CH, 


HC=CH. 


V 


Ethylene. 


Acetylene. 









Hyponitrous 






oxide. 







The molecules of elements result by the complete mutual union of 
their atoms : 









P=P 


H-H 


0=0 


N=N 


U 


Hydrogen. 


Oxygen. 


Nitrogen. 








Phosphorus. 



This manner of linking or combination of the atoms in the molecule 
with single affinities is designated chemical constitution^ or chemical 
structure of compounds; the formulas representing them are called con- 
stitution or structural formulas. Of course, the actual position of the 
atoms in space (of which we have no knowledge) is not indicated by the 
chemical structure. The fundamental principle of chemical structure 
consists in this, that the affinity unit of one atom unites with the affinity 
unit of another atom. 

The following circumstances, however, complicate these simple rela- 
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tions : ' AmoDg the elements of the nitrogen group we saw that phos- 
phorus and antimony combine with 3 and 5 atoms of chlorine and the 
other halogens; that sulphur, selenium, and tellurium take up 2 and 4 
atoms of chlorine and bromine ; that iodine unites with i and 5 atoms 
of chlorine and 5 of fluorine. Only the quadrivalent elements, carbon 
and silicon, are capable of combining with 4 hydrogen atoms, and with 
not more than 4 of the halogens ; 

la 



CO. pa. 


SCI. 






. . PCI. 


'sci. 



Hence it appears that the elements (excepting carbon and silicon) do not 
express such a constant valence in their relation to chlorine (and to the 
halogens) as they do to hydrogen. Phosphorus and its analogues appear 
to be tri' and quinquivalent ; the elements of the sulphur group, bi- and 
quadrivalent; iodine finally appears to be uni-, tri-, and quinquivalent. 

The varying valence of the metalloids shows itself more distinctly and 
frequently in the more stable oxygen derivatives. We are acquainted 
with the following oxygen compounds of the elements of the four groups 
already mentioned ; the members of each group afford perfectly analo- 
gous compounds : 

II I HI I 

CO N,0 S,0, C1,0 



N,0, 

The valence of iodine and of nitrogen reaches five, and that of sulphur 
seven affinity units, assuming that oxygen is constantly bivalent and 
wholly united to the other element. The elements of the nitrogen group 
are not more than quinquivalent, both in their relation to the halogens 
and oxygen : 

Pa^ PFl,. SbCV 

Carbon, finally, does not show more than four affinities for hydrogen, 
chlorine, or oxygen. As we will observe later, these relations are more 
apparent in the hydroxyl derivatives of the oxides — the acids. 

Hence we conclude that valenct is not an absolutt property belonging 
per sttfiand/or the elements solely, but that it is dei>endent upon the 
nature of the elements combining with one another and upon the exter- 
nal conditions under which they unite. We can, in general, distinguish 
two valences: the hydrogen valence and the halogen or oxygen valence. 
The hydrogen valence is f^M/an/ for all elements; for CI ^ i, for O^ 3, 
for N ^ 3, for C =^ 4. The valence of most of the elements appears 
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to be variable in respect to oxygen and chlorine. It varies, indeed, as 
seen from the formulas given above for the chlorine group from i to 4 to 
5 ; for the elements of tiie sulphur group from 4 to 6, and from 3 to 7; 
for those of the nitrogen group from i to 3 to 5, and f^om 2 to 4. 

It is perfectly immaterial whether we ascribe a variable valence to the 
elements or accept the maximum as the true measure, and regard the 
lower compounds as unsaturatedy because we possess no conception of 
the nature of valence. Later, we will discover that this alteration of 
valence finds full expression and generalization in the periodic system of 
the elements, which is based upon the grouping of the elements according 
to their atomic weights. 



From these (acts, we hmve evolved the idea of a variable valence. Uotil recent l y 
another opiiuon prevailed. This, denjring the alteiability, regards valence as an aht9' 
lute constant property of the elementary atoms. According to this idea, the tme valence, 
or atomicity, is only derivable from the hydrogen compounds ; the halogens are absolutely 
univalent, the elements of the oxygen group bivalent, and those of the nitrogen group 
trivalent, etc. Different propositions have been made in order to carry oat the constant 
atomicity for all compounds. A chain-like union is assumed in order to explain the 
oxygen compounds. This is similar to the carbon atoms in the carbon oompouods 
(p. 168). It is represented in the following examples: 

I II II II II II I I II II II II I 

I— 0—0— 0—0— o— I a— 0—0— 0—0— H 

Iodic anhydride. Perchloric acid. 

S/? "/O. „ O-O-O— H 

Sulphur dioxide. Sulphur trioxide. Sulphuric acid. 

II III II II II III II II III II II I 

O = N— 0—0-0— N=0 O = N— O— O— H. 

Nitrogen pentoxide. Nitric acid. 

Hence it would appear that the oxygen atoms can unite without end, in a chain-like 
manner, similar to the carbon atoms in the carbon comix>unds. However, a maximum 
combining affinity of different groups for oxygen does actually occur ; this varies regularly 
from group to group (for iodine = 5, for sulphur = 7, for nitrogen = 5, for carbon = 4). 
Consider it as we may, on the supposition of constant affinity, the reason for the different 
number of linking oxygen atoms must be based on the nature of the other element The 
fact, then, that the higher oxides or their hydrates (HCIO., H^SO^, HNO,) are more 
stable than the lower (p. 182), argues decidedly against* the chain- like union of the 
oxygen atoms, which occurs in the unstable peroxides. 

To explain the other compounds according to the constant atomicity theory, a differ- 
ence is conceived between atomic and molecular compounds. The former are such as can 
l>e explained by constant atomicity. All others are regarded as molecular compounds, 
resulting from the union of two or more molecules, upon the basis of newly acquired 
molecular affinities. Thus the compounds PCL, SCI^, ICl, ar£ viewed as addition prod- 
ucts of atomic compounds with chlorine molecules : 

pa,,a, sci„ci, ia,ci,. 

Phosphorus Sulphur Iodine 

pentachloride. tetrachloride, trichloride. 
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It wms Ibonglit Out ■ proof of Ihese bodies being differenu Jhc metals of hilrher 
■toouc compoands ma ibe r*cl Uut when viporited Ihey di,- »i,- imnnrt j. a 
derivatives ; the molecultr compounds were no! regarded ai I import, e. g., 
mch ID the gueooi state. We uw, however, Ihat (lie dccnmposil. 
PQ, and SCI, is mly gradual, increaiing with the temperaluie, and thi. 
lower temperatnrei, oadecomposed, in a vapor forni ^compare p. 141). 
campoands, like nilphuric add and nitric acid, frequently separate into simpi^ 
in their coDversion into vapor (compare Sulphuric Acid). 

iniosphorus penlafluoride, PFt,, a gas at ordinary temperatures, is a strong b 
in favor of the quioqui valence of phosphorus ; iodine, too, forms a volatile pentafli. 
lF\y It is noteworthy that, is a general thing, the melslEoidi yield mnre stable 
higher compouodi with the lower hatogcns (fluorine and chlorine) than with hromii. 
and iodine, which pouess higher atomic weights (p. 142). The idea that molecular com- 
pounds can also exist in vapor form, wou[d render their distinction from the atomic com- 
pounds purely arbitrary — not present in the nature of the bodies thcmiwlvea. But other 
gaseous compounds exist, which can, in no i^ht, be regarded as molecular. Thus, the 
usually quadrivalent or lexivalent tungsten (WCI,, WBr^ WOQ,) forms a gaseous penta- 
chloride, WCI^, and molybdenum, perfectly analogous to tungsten, yields a penlachloride, 
MoCL. Further, the quinquivalent vanadium (VdOCI,] yields a gaseous tetrachloride, 

vda,. 

The salts of ammonia, actrording to the theory of constant atomicity, are not regarded 

V V V 

NH.a, NHjNO,, (NH,)^, 

roducti of ammonia with acids ; 

NH„Ha, NH„HNO„ (NH,)„H,SOj, 

the analogy of the same with metallic Salts app 
lea of many compounds like 

V IV VI 1 

POCV {C,H,l,PO, (CHJ,S.OH, (CH,>^0, (CH,),N.OH, 

and others, cannot be interpreted by the constant valence theory. Hie e 
potassium permanganate, KMnU„ is not compatible with a constant bi* or quadrivalence 
of manganese (see p. 17S). 

Vet, down to the present time, the acceptance of molecular additions could not be en- 
tirely dispensed with, especially for the so called water of cry slalli ration compounds ; the 
proposed effort, however, continues to reduce all such compounds on the basis of higher 
valence of the elements. While, consequently, the constant valence theory comprises 
only the so-called atomic compounds, the extended valence idea draws all others into the 
circle of generaliaation. 

We must, first of all, remember that the nature of chemical union and the cause of the 
valence of tbe atoms are entirely unknown to us, and that, therefore, neither the idea of 
a variable, nor yet of a conslfnt valence constitutes a final explanation. Our task must 
be restricted rather to representing the varying combination relations of atoms in accord- 
ance with the facts and free them as far as possible from hypothetical additions. I'he 
jqpposition of a constant valence, formerly given preference as the simpler, has shown 
itself to be insuftidenL Because it maintains real differences, where such are not percep- 
tible, it departs from the ground of induction. The idea of a variable valence, which 
takes all facts into conSMeration, is not prejudicial. It is their simplest expression. 
Indeed, it finds a pregnant analogy in the deportment of the hydrocarbon mdlcals. By 
the elimination of hydrogen from the saturated molecules (C,H,, for example), we obtain 
radicals or gimp* of inoeaoii^ valence (C^H,, C.H,, CjII,, C,H,i. The group 
C^Hp however, ii bi- and quadrivalent ; the group C-H,, uni- and trivalenl. It is very 
prob^ile that the elementaiy alOBii are, like these radicau, of a CMnpound nature. 
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The principles of chemical structure, just presented, appear most 
clearly, and with the greatest regularity, with carbon. The consti- 
tution of the innumerable varieties of carbon compounds is explained 
by the quadrivalent nature of the carbon atoms, and their ability to com- 
bine with each other by single affinities. In the other, the so-called 
inorganic compounds, the valence and structure relations are more 
complicated, and are far less investigated, but even in them so many 
regularities appear that the actual material is greatly simplified thereby, 
and is made more comprehensible. The doctrine of valence and struc- 
ture is the first attempt to refer the facts underlying the law of multiple 
proportions to the properties of the elementary atoms. As this theory 
merely comprises actual relations, it cannot be negatived, but only further 
developed. 

The idea of varying valence of the atoms lay undeveloped as the basis of Gerhaidt*! 
type theory, according to which chemical compounds were referred to a few fundamental 
forms or types : 

H H H 

H a H^ g^- 

This mode of comparison will be repeatedly adopted in the following pages (p. 198). 
After Edward Frankland (1852) had established the doctrine of the saturating capad^ 
of the elementary atoms, August Kekul6 added the t3rpe CH^ to those just given and 
solved in a clear and convincing manner the question how carbon atoms were able to 
combine with one another and to satisfy their affinities (1857-1859). In this way he 
developed one of the fundamentals of the chemistry of to-day — ik€ doctrine of the linking 
of the atoms. See the historical sketch in Richtei^s Oiganic Chemistiy. 



OXYGEN COMPOUNDS OF THE METALLOIDS. 

Almost all the oxygen derivatives of the metalloids yield acids with 
water : 

IjOj + H,0 = 2HIO,; SO, -f H,0 = H,SO,; 

Iodine Iodic Sulphur Sulphuric 

pentoxide. acid. trioxide. acid. 

PA + 3H,0 = aHjPO^. 
Phosphorus Phosphoric 

pentoxide. acid. 

Conversely, these oxides may be obtained by the removal of water from 
the acids; therefore, they are ordinarily termed anhydrides of the corre- 
sponding acids : 1,0., anhydride of iodic acid ; SO,, sulphuric anhydride ; 
PjOj, phosphoric anhydride, etc. 

Salts are formed by the replacement of the hydrogen of the acids by 
metals. The acids are distinguished as monobasic ^ dibasic ^ tribasic^ 
and pofybasic, depending upon the number of their hydrogen atoms 
replaceable by metals. 

Like the metalloids, the metals possess different valences •, tVv^Mw\N^e.\!A. 
metals (sodium, potassium, silver) each lepVace one \v>}^\o%txx ^v»tcv\ 
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those of higher valence replace more. Theiefore the metals of higher 
valence can unite several acid residues. This explains the import, e. g., 
of the following chemical formulas: 



^o, 



Bi(NO,V 



The salts of sulphuric acid are called sulphates, those of nitric acid, 
nitraUi, those of phosphoric acid, photphatet, etc. The symbols of the 
metals are sometimes written at the beginning and sometimes at the end 
of the chemical formulas of the sails; in the second ca.se we mean to indi- 
cate that the metal atoms are in union with the oxygen. 



1. OXYGEN COMPOUNDS OF THE HALOGENS. 

Oxygen derivatives of fluorine are not known. Iodine is the only one 
of the remaining halogens which unites directly with oxygen ; how- 
ever, the oxides of chlorine may be prepared by indirect methods. The 
only kniwn acids of bromine are those corresponding to the oxides. 

Chlorine forms the following anhydrides and acids : 

Ahhvdiiidm. Acids. 

ci,o 
ao, or a,o. 

The compound Cl,0, exists, and must be regarded as a mixed anhy- 
dride of chlorous and chloric acids. Chlorous acid itself is not known 
free, but is stable in the form of salts. Further, the anhydrides of chlorous, 
chloric and perchloric acids, having the formulas Cl,0,, C1,0, and Cl,0,. 
are not known. 

The following formulas express the chemical structure of these com- 
pounds : 

I II t I tl I 

Cl-O-a C\~X}-\1. 

Hypochloroiu Hypochlorou* 

■nbydddc. (dd. 

ttl V V 

0C1-O-CI0, ao,-OH. 

ChlorooKhlonc Chloric 

anhydride. acid. 
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In the acids we assume the presence of the univalent group OH 
(hydroxy 1 or water residue) the hydrogen of which can be replaced by 
metals, through the action of metals or bases. The group (CIO, or ClOJ 
combined with hydroxyl is called an add residue , or radical. In the 
anhydrides of the monobasic acids two acid radicals are united by an 
oxygen atom ; water converts them into 2 molecules of acid : 

Cl\n _L n^M — Cl-OH 
Q>^ -+- '-'^.H — Cl-OH. 

The salts of perchloric acid are called perchloraies ; those of chloric 
acid, chlorates: those of chlorous acid, chlorites; and those of hypo- 
chlorous acid, hypochlorites. 

Hypochlorous Oxide, Cl,0 (chlorine monoxide, hypochlorous an- 
hydride), is produced by conducting dry chlorine gas over precipitated 
mercuric oxide, cooled by ice or cold water ; the brown oxychloride of 
mercury is formed at the same time : 

2Hgo + 2C1, = HgjOci, -f a,o. 

The precipitated mercuric oxide should be heated to 300^ before it is used, otherwise 
it will be acted upon too energetically by the chlorine, and oxygen instead of hypochlo- 
rous oxide will result. Red mercuric oxide is affected too slowly by chlorine. 

The disengaged gas is condensed in a bent glass tube, cooled by a 
freezing mixture of ice and calcium chloride. 

It is a reddish- brQwn liquid , boiling at +5°. In the gaseous condition it 
has a yellow-brown color, an extremely disagreeable odor, and it attacks the 
respiratory organs very strongly. The vapor density corresponds to the 
molecular formula, C1,0 = 86.9. 0*he gaseous or liquid oxide is very 
unstable and explosive. If heated, or if brought in contact with a flame, 
or exposed to the action of the electric spark, it decomposes with deto- 
nation into oxygen and chlorine^ 

2a,0 = O, 4- 2a,. 

2 vols. I vol. 2 vols. 

It is similarly exploded when it is brought in contact with sulphur, 
phosphorus, and organic substances, such as caoutchouc. It has strong 
oxidizing and bleaching properties. It dissolves in water to hypo- 
chlorous acid : 

0,0 -h H,0 = 2HCIO. 

It yields calcium hypochlorite and chlorine when it is conducted over 
porous calcium chloride : 

CaCl, + 20,0 = Ca(aO), + 2O,. 

Hypochlorous Acid, HCIO, is only known in aqueous solution. 
Its presence in chlorine water has been mentioned Q^. ^iY It. v& 
obtained by conducting chlorine into water in viYvVcVv x.\v«t^ \^ ^xjs^xjAfc^ 
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fredily predpiuted mercuric oxide; the liquid is agitated constantly, 
while at the lame time it is cooled and shut off from the light : 
HgO + aCl, -(- Hfi = HgCl, + jHQO. 

The mercuric chloride produced combines with the excess of oxide to 
form oxychloride (see p. i74). After filtration the solution may be dis- 
tilled; a strong chlorine odor is usually noticeable at thebcginning. The 
first distillates are especially rich in hypochlorous acid. The free chlorine 
is expelled by blowing air through the solution (Balard). 

Hypochlorous acid may be similarly prepared by conducting chlorine 
into water in which chalk is suspended : 

CiCC^ + 30,-1- H,0 = CaCt, -|- CO, + aHOO (Willumsoii) ; 

also by the distillation of bleaching lime solutions with as much dilute 
acid as is required for the decomposition of the hypochlorite, £. g. .- 
N«ao + N«a -I- HN(\ = N.NO, -I- N.a -1- HOO {G«r-Lu5sac). 

Boric acid is well adapted for this purpose as it does not decompose 
the chloride. The concentrated aqueous solutions (5 per cent.) are 
yellow in color. Upon distillation there ensues a partial decomposition 
into chloric acid and chlorine : 

(«) 3HaO = aHQ -|- HOO,! 

(*) ana + anao = 30, + »n,o. 

The decomposition is very slight with dilute solutions. These are, 
DDlike the concentrated liquids, quite stable in the light. Their odor is 
peculiar and they oxidize and bleach energetically. O'he bleaching action, 
due to the separation of oxygen in ttaht naseendi, is twice as great as that 
of free chlorine, as is evident from the following equations) 

O, -1- H,0 = aHO f O, 
anao = 2Ha -(- Or 

Hydrochloric acid decomposes hypochlorous acid into chlorine and 
water, when just twice as much chlorine is evolved as there is present in 
the hypochlorous acid. 

The acid itself is very feeble, more feeble than carbonic acid, hence it 
is produced free if chlorine be conducted into aqueous solutions of car- 
bonates: 

KjO), -1- CI, -J- H,0 = KO + KHCO, -|- HQO. 

Ilts salts (bleaching powder, see Chloride of Lime) are formed together 
with chlorides by the action of chlorine, in the cold, upon strong bases : 
aN«OH -I- CI, = Nma + N«ao -(- n,o. 

Within certain limits this transposition takes place indeiiendently of 
the temperature and strength of solution if chlorine is not present in 
excess, otherwise the formation of chlorates v\\\ occwt «v<;t\ a.i low t.ft'm- 
pciMtures, Wtxu the solutions are heated two deeoTO'^a>A<iv& <A 'Cw, 
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hypochlorite proceed simultaneously; in one instance chloride and 
chlorate result : 

3NaC10 = 2NaCl + NaQOp 

and in the other case chloride and oxygen : 

2NaC10 = 2Naa -f O^ 

[Compare Foerster and Jorre, Jr. prakt. Ch. 59 (1899), 53 I.] 

A hypochlorite is also produced when chlorine is conducted over cal- 
cium hydrate powder (see Bleaching Lime). 

On shaking the aqueous solution of hypochlorous acid with mercury, there is produced 
a yellow-brown precipitate of HgO. ilgCl,, soluble in hydrochloric acid (salts of hypo> 
chlorous acid form Hg^^). This behavior serves to distinguish hypochlorous add from 
chlorine, which under like circumstances forms mercurous chloride, Hg^Cl^ insoluble in 
hydrochloric acid (reaction of Wolters). 

Chlorine Trioxide, Cl,0, = (C10),0, the anhydride of chlorous 
acid (p. 131), and the free Chlorous Acid, HCIO, = CIO.OH, arc 
unknown. It was formerly supposed that the trioxide resulted by the 
reduction of chloric acid, if potassium chlorate, KCIO,, was decomposed 
by nitric acid in the presence of reducing substances (arsenic trioxide, 
sugar and tartaric acid). Later research has, however, shown that in 
such decompositions it is not the trioxide, but the dioxide, C10„ mixed 
with chlorine and oxygen, which results. 

The salts of chlorous acid, the chlorites^ e. g. , potassium chlorite, are formed by the 
transposition of the aqueous solution of chlorine dioxide with the alkalies (see below). 
The siiver salt^ AgClO,, and the lead sait^ Pb(C10,)„ are precipitated from the aqueous 
solutions of the alkali salts by silver nitrate and lead acetate. They dissolve with diffi- 
culty in cold water, and crystalline from hot water in yellowish-green scales. They are 
decomposed by carbonic acid ; the liberated chlorous acid decomposes immediately. 

Chlorine Dioxide, C1Q„ or Chlorine Tetroxide, C1,0^, formerly 
called hypochloric acid, ia^orraed when concentrated sulphuric acid acts 
in the cold upon potassium chlorat^ The chloric acid, which first 
appears, at once decomposes into chlorine dioxide, water, and the stable 
perchloric acid : 

3HaOj = CljO^ + HQO^ + H,0. 

It is best obtained (mixed with carbon dioxide) by adding dilute sul- 
phuric acid (with 2 parts of water) to a mixture of potassium chlorate (i 
part) and oxalic acid (4.5 parts). Upon the application of a gentle heat 
a y ellow-green gas escapes . It can be condensed by a freezing mixture 
to a reddish-brown liquid, boiling at 9.9° (under a pressure of 740 mm.), 
and solidifying at — 79°. This liquid may be distilled without decom- 
position from glass vessels, free from organic matter, if the temperature 
does not exceed 30°. ^Violent explosions occur at higher temperatures, 
so that it is advisable, if proper precautions are not taken, not to pour 
sulphuric acid upon potassium chlorate. Liquid as well as gaseous chlo- 
rine-dioxide is very explosive, especially in contact with organic matter 
and when heated, but sunlight is without effeA 
The formation of the oxide can be effected \t\ a\i^x^ec\\'^\v^xxs:Cves&^^^> 
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iasd its powerful oxidizing action be illustrated, by throwing some potas- 
lium chlorate and a few pieces of yellow phosphorus iiiiu water, con- 
tained in a measuring glass, then allowing sulphuric acid to tuuch the 
bottom of the tube, drop by drop, by means of a pipette. By the action 
of the disengaged dioxide the phosphorus will burn under water with a 
brilliant light. 

When concentrated sulphuric acid is added to a mixture of potassium 
chlorate and sugar, a violent combustion occurs. 

Chlorine dioxide dissolves in water with a yellow color. Alkalies de- 
colorize the solution, forming salts of chloric and chlorous acids : 



Sunlight decomposes the aqueous solution of chlorine dioxide into 
chloric acid, oxygen, and chlorine : 

30,0, + 3H,0 = 4ao,.OH + O, + CI,. 

The gas density of the dioxide corresponds to the molecular formula 
CIO,. It is, however, very probable that at lower tern ]>eratu res, in the 
liquid condition or in aqueous solution, the molecules possess the doubled 



The decomposition of its aqueous solution by alkalies is an argument 
in favor of this view, as is also its analogy with nitrogen dioxide, NO,, 
or nitrogen tetroxide, N,0, (see this), the existence of both of which 
molecules has been proved. 

Chloric Acid, HCIO, or CIO, OH. is obtained by decomposing 
an aqueous solution of barium chlorate with sulphuric acid : 

fl"{C10,), + H,SO, = &S0, + aiiacv fit"*"-'' Ot,-^<-V>^ 

Bulum chknmte. Bnriun J t 

■ulphlle. 

The barium sulphate separates as a white, insoluble powder, and can 
then be filtered off from the aqueous solution of the acid. This is con- 
centrated without decomposition, under diminished pressure, unii) thes))c- 
cific gravity becomes i.aS, and it then contains about 40 jier cent, of 
chloric acid; it is oily and, when heated to 40°, decomposes in to chlorine, 
oxygen, and perchloric acid, HCIO.. The concentrated aqueous solu- 
tion oxidizes strongly; sulphur, phosphonis, alcohol, and giaper arc 
inflamed by it. Hydrochloric acid eliminates chlorine from the acid and 
itssalU: 

HOO, + 5Ha = 3H,0 + 3CI,. 

The cJUeratts are slowly formed when aqueous hypochlorite solutions 
areheated; rfteJjiMer partly break down into oufgetva^i ^ciOT\4«s., "^-a 
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obtain the chlorate the hypochlorite solution should be slightly super* 
saturated with chlorine ; then the chlorate will form even in the cold but 
much more rapidly if the solution be heated to 130®. This may be thus 
explained. The excessive chlorine liberates hypochlorous acid from the 
hypochlorite : 

aKQO + 2CI, + 2H,0 = 2Ka + 4HaO, 

which in turn is rapidly and completely transposed by the hypochlorite 
into chlorate when chlorine or hydrochloric acid is again liberated: 

2KaO + 2HCIO = KQO, + KQ + H,0 + Cl» 
or 

KCIO -h 2HaO = KCIO, -f- 2Ha ; 

and hypochlorous acid is evolved by the liberated chlorine or hydro- 
chloric acid, etc. The statement previously made that chlorine acting 
upon cold lyes produces hypochlorites^ and chlorates when the solutions 
are hot, does not harmonize with the facts. The chlorate formation is 
rapid and complete only when chlorine is in excess (compare Foerster 
and Jorre). The electrolytic production of chlorates from chlorides will 
be described in connection with potassium chlorate. 

Perchloric Acid, HCIO^ or CIO, . OH. This is the most stable 
of all the oxygen derivatives of chlorine. Its sodium salt is present in 
Chile saltpeter. As previously stated, it is produced by the decomposi- 
tion of chloric acid, but is more easily obtained from its salts. Upon 
heating potassium chlorate to fusion, oxygen escapes and potassium per- 

chlorate results : 

2KCIO, = KQO^ + KQ + O,. 

When this decomposition approaches completion, the fused mass becomes 
a thick liquid and finally a solid. As potassium perchlorate dissolves with 
difficulty in water it can be readily separated from the chloride formed 
simultaneously. 

A solution of perchloric acid containing a little sodium chloride, but applicable for all 
analytical purposes, may be prepared as follows : Commercial sodium chlorate is con- 
verted by heat into perchlorate and chloride. Concentrated hydrochloric acid is poured 
upon the powdered mixture and dissolves almost nothing but perchloric acid : 

NaQO^ + HQ = NaCl + HCIO^. 

The solution is filtered and evaporated until dense white fumes of perchloric acid com- 
mence to escape ; by distillation under greatly reduced pressure the dihydrate may be 
obtained [Z. f. anorg. Ch. 9 (1895), 342; 13 (1897), 166]. 

Roscoe obtained a monohydrate of perchloric acid by distilling potas- 
sium perchlorate with four times its quantity of concentrated sulphuric 
acid until the drops, passing over, no longer solidified. The mass was 
then heated to 110° until crystals appeared in the neck of the small 
retort. From this point on anhydrous perchloric <j^/V/ distilled over. 

The pure acid is a mobile, colorless liquid, fuming strongly in the air; 
its specific gravity is 1.78 at 15®. It cannot be preserved even in the 
dark, since after a few days it decomposes with violent explosion. Heat 
produces the same result. It also explodes \i\ comacX V\Ocv ^c«^«t>a&. 
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paper, carbon, and other organic substances. It produces painful 
wounds when brought in contact wilh the skin. It absorbs water with 
avidity, and with one molecule of the same forms the crystalline hydrate 
HC10«+H,0, melting at 50° and passing at 110° into the anhydrous 
acid and the dihjdrate, HCIO. + 2H,0 : 

aaO.H. H,0 = HCiO, + HQO, »H,0. 

The dihjrdrate may also be obtained by evaporating the aqueous solutions 
of perchloric and chloric acids. It is a colorless, oily liquid of com- 
paratively great stability. It boils unchanged at 203°. Itsspecific gravity 
equals 1.82. 

Perchloric acid is also formed at the positive pole by the electrolysis 
of aqueous solutions of inorganic chlorine compounds ; this is due to the 
liberation of oxygen at the kathode. 



Bromine yields the following compounds with oxygen and hydrogen : 

HBtO, Hypobromous add. 
HBtO,, BrcHDic icltl. 
HBiO,, Perbromic acid. 

The corresponding anhydrides are not known. The acids are perfectly 
analogous to the corresponding chlorine compounds. 

Hypobromous Acid, HBrO, is formed when bromine water acts 
upon mercuric oxide ; the aqueous solution can be distilled in vacuo, and 
possesses properties very similar to those of hypochlorous acid. 

Bromic Acid, HBrO,. Bromates are like the chlorates. An 
aqueous solution of the acid can be obiained from the barium salt by 
decomposing the latter with sulphuric acid. A more practical method 
of getting the free acid is to let bromine act upon silver bromate : 

SAgBiO, + 6Br -f- 3H,0 = SAgBr + 6HB1O,, 
or to oxidize bromine with hypochlorous acid : 

SCIjO + Bt, + H,0 = aHBiO, + loQ. 

The aqueous solution may be concentrated in vacvo until its content 
reaches 50.6 per cent. HBrO,, and then closely corresponds to the 
formula HBrO, -f 7H,0. When heated it decomposes into bromine, 
oxygen and water. Heat breaks down the alkali bromates into bromide 
and oxygen without the production of a perbromate. 

Perbromic Acid, HBrO,, is said to be formed in the action of 
bromine vapor upon perchloric acid : 

HaO, + Br = HBtO, + O, 
and is perfectly similar to the latter. 
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Iodine forms the following anhydrides and acids: 

IjOj HIO. HIO^.aH-O 

Iodine pentoxide. Iodic acid. Periodic acid (duiydrate). 

Iodic anhydride. 

Iodic Acid, HIO,. The potassium and sodium salts of this acid 

occur in Chile saltpeter and are at present the best sources for iodine (see 

p. 55). The iodates are formed in the same manner as the chlorates and 

bromates, by dissolving iodine in a hot solution of potassium or sodium 

hydroxide : 

6KOH -f 3I, = 5KI -h KIO, + 3H,0. 

Upon adding barium chloride to this solution sparingly soluble barium 
iodate separates; it may be transposed by sulphuric acid into insoluble 
barium sulphate and free iodic acid. 

When iodine acts upon cold sodium or potassium hydrate hypoiodites are fonned. 
Schdnbein suspected this, but Lonnes proved it : 

aNaOH + 2I = NalO + Nal -f- H,0. 

These salts, however, quickly pass into iodates : 

3NaI0 = NalO, + 2NaI. 

^Therefore iodine «cts upon hydroxides just like chlorine and bromine, but with iodine 

I die second step of the reaction, the formation of iodate, proceeds very rapidly at the 

lordinary temperature. The experiments of Binz and also those of Lonnes, however, 

show that iodine can remain uncombined for quite a time when dissolved in alkaline 

liquors if potassium iodide be present. 

Willgerodt and V. Meyer have prepared organic derivatives of the yet unknown 
III 
H — 1 = 0. Indeed, Meyer has made organic, strongly basic compounds which may be 

III 
derived from iodonium hydroxide^ H, -= I — OH, also unknown. The chemical struc- 
ture of these derivatives forbids the assumption that iodine is invariably univalent (see 
Ber. 27 (1894), 426, 1592, and also Richter's Organic Chemistry). 

The free acid can be obtained by the oxidation of iodine with strong 
nitric acid, or by means of chlorine : 

3I, + loHNO, = 6HIO, + loNO + 2H,0. 

Iodates are also produced by the action of iodine upon chlorates or bro- 
mates in aqueous solution, whereby the iodine directly eliminates the 
chlorine and bromine: 

KCIO, -f I = KIO, + a. 

Upon evaporating the aqueous solution the free iodic acid cr3rstallizes in 
colorless rhombic prisms of specific gravity 4.63. When iodic acid is 
heated to 170^ it decomposes into water and iodic anhydride : 

2HIO, = I,Oj + H,0. 

It is decomposed, like chloric acid, by hydrochloric acid : 

2HIO, + loHQ = I, + sCli + 6Up. 
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Rcafcnts, like hydrogen sulphide, H,S, sulphur dioxide, SO,, and hydri- 
odic acid, HI, reduce it to iodine : 

HIO, + 5HI = 3H,0 + 31,- 

lodic Anhydridfii I,0„ is a white crystalline powder , which dis- 
solves in water to fonn ioidic acid. It decomposes at 300° into iodine 
and oxygen. It can be obtained directly from ozone and iodine. 

Penodic Acid, HIO,. Normal periodic acid is not known. The 
hydrate, HIO, .iH,0, is produced by the action of iodine upon per- 
chloric acid : 

iHCK>4 + I, + 4H,0 = 3 [HIO,. 2H,0] + O,. 

Upon the evaporation of the aqueous solution, the acid crystallizes in 
colorless forms, which deliquesce, melt at 130°, and at about 140° decom* 
pose into water, oxygen and periodic anhydride ; 

a(HIO,. aH,0) = I,0, + O, + sH.O. 

Periodates result on conducting chlorine into hot alkaline solutions of 
iodides or iodates. A sodium periodate has been found in Chile salt- 
peter. 

The eiiilcDce of llie hydrates oT periodic and perchloric acidi u well ai of muij 
otbeis (see Sulphuric ind Nitric Acids), which were once regarded umoleculvcoinpouiidi, 
is interpreted at piescni by the aeqeplance of hrdnmyt gtoups, directly combined with 
the element of higher valence : 

VII 
CIO.H + H,0 = C10,(0H)„ Tribydrale or trihydric acid. 

VII 
C10,H + 2H,0 = CIO [OH]^ FenCahydrate or pentahydric acid. 

CIO.H + 3H,0 = a(OH)„ Heptahydrmie or hepUhydric add. 

Tlie nuiimDm hydrates, QlOH), and I(OH)„ in which all scTcn affinities of the 
Ilalogen atom are attached to hydraxyl groups, are not known, but probably exist in 
acjueous solution. As they give up water, and one atom of oxygen becomes simultaneously 
united with two bonds to the halogen, ihey yield the lower hydrates — even to the mono- 
hydrate CIO,. OH. Perchloric acid continues monobasic in the polyhydrates, since but i»)« 
hydrogen atom is replaced by metali : 

C10,Hj + KOH = CIO.K + 3H,0. 

On the other hand, periodic acid (10,. OH) is not only monobasic, but as ■ pentahydiale, 
IO(OH)f = HIO, . 3H,0, can, like the polybasic acids, funiish also polymetallic 
salts, as; 

VII f{OH), VII f(OH), vn VII 

IO\(ON«), lOUOAg), IO{O.Na), lOCOAg^ 

Salt* alao exin whkh are deriTcd from condensed polyiodic acids, is : 

lo<LO«). 
10<(0t 
{Oia^pue Dimlpbak Add. Dfcliromic Add, PyrophtHp^amt hra&, ^J^t.^ 
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It is most conveniently prepared for laboratories by heating concentrated 
sulphuric acid (i part) with copper (j4 part) : 

2H^4 + Cu = CuSO^ + SO, 4- 2H,0. 

Copper 
sutpbate. 

Usually a little cnprous sulphide separates : 

SCu + 4H,S04 = Qi^S + 3CUSO4 + 4H,0. 

This is due to a far-reaching reduction. 

Sulphuric acid is similarly decomposed (reduced) by heating it with 
carbon : 

2H,S04 + C = 2SO, 4- CO, -h 2H,0. 

By this method we get a mixture of carbon and sulphur dioxides, which 
are separated with difficulty. A more convenient method for prepar- 
ing sulphur dioxide consists in allowing ordinary sulphuric acid to 
act upon calcium sulphite, CaSO,. The latter is mixed with burnt 
gypsum (^ part) and water, then moulded into cubes, which can be 
introduced into a Kipp generator, as in the preparation of oxygen 
(p. 81). Owing to its solubility in water, sulphur dioxide must be col- 
lected over mercury. 

Sulphur dioxide is a colorless gas, with a suffocating odor. One liter 
of it weighs 2.8615 grams under normal conditions. Its specific gravity 
equals 2. 21 (air = i) or 64.06 (O, = 32), corresponding to the molecular 
formula SO,. It condenses at — 15**, or at ordinary temperatures under 
a pressure of three atmospheres, to a colorless liquid, of specific gravity 
1.43 at 0°, which crystallizes at — 76® and boils at — 8 . Its critical 
temperature is 157**; its critical pressure 79 atmospheres. Upon evapo- 
ration the liquid sulphur dioxide absorbs much heat ; being easily 
accessible it is used in ice machines. If some of the liquid is poured 
upon mercury in a clay crucible, and the evaporation accelerated by 
blowing air upon it, the metal will solidify. Water dissolves 50 volumes 
of sulphur dioxide gas with liberation of heat. The gas is again set free 
upon application of heat. The solution shows all the chemical properties 
of the free gas. 

Sulphur dioxide has great affinity for oxygen. The gases combine 
when dry, if their mixture be conducted over feebly heated platinum 
sponge ; * sulphur trioxide results: 

2SO, + O, = 2SO,. 

3 vols. I vol. 

Winkler's method for producing sulphuric acid technically is based on 
this reaction (compare p. 193). 

In aqueous solution the dioxide slowly absorbs oxygen from the air, and 
becomes sulphuric acid : 

SO, -I- H,0 + O = H,S04. 

* Instead of platinum sponge, platinized asbestos may be applied ; this is obtained by 
immersing asbestos in a platinic chloride solution, then in aximioxiwiav OAc(rw^^%.\A«&xx> 
ward (drying and igmting. 
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Aqueons sulphur dioxide is converted more rapidly into sulphuric acid 
by the action of the halogens chlorine, bromine and iodine : 
H^, + H,0 + a, = H,SO, + iHa. 

Here the decomposition of a molecule of water is effected in conse- 
quence of the affinity of the halogen for hydrogen and of sulphurous acid 
for oxygen. On adding sulphurous acid to a dark-colored iodine solution 
the latter is decolorized. 

Similarly, sulphurous anhydride and its solution withdraw oxygen from 
many compounds rich in that element ; hence it deoxidizes strongly and 
passes over into sulphuric acid. Thus chromic acid is reduced to oxide, 
and the red solution of permanganic acid is decolorized with formation 
of manganous salts. Many organic coloring substances, like those of 
flowers, arc decolorized by it.* This property is what leads to its appli- 
cation in the bleaching of wools and silks, which are strongly attacked 
by the ordinary chlorine bleaching agents (p. 53). 

Again, the dioxide may be deoxidized by stronger reducing agents (it 
acts with them as an oxidant); thus in the presence of water, sulphur is 
separated from it by hydrogen sulphide : 

SO, + aH,S = 3H,0 + 3S. 

If, however, both gases are perfectly dry or strongly diluted by other 
neutral gases, the action is very slow, (See Hydrosulphurous and Penta- 
tbionic Acids.) 

A mixture of cqtul volmne* of mlpliur dioxide uid cblorine uniles in direct sunlight 
to ralphuiyl chlorida SO.CI, (p. 195). When sulphur dioxide ids apon wanned 
I^HAfAoric chloride, the producti are phosphonu oxychloride, and the compound SUC'l, : 

SO, + PCi, = POCl, + SOCl,. 

ChloTthionj], SOO,, may be viewed »s (he chloride of sulphurous acid or as sul- 
phur dioxide in which one atom of oxygen is replaced by two atoms of chlorine (p. 1S6). 
Thionyl chloride may be made by the inlenKtion of Sulphur dichloridc and sulphur tri- 

*"' " SO, + SCI, = soa, + SO, 

[see Michaelii, Ann. Cbem. 374 (1S94), 184]. It is a colorless liquid with a sharp 
odor, and boils al 78". Its specific gravily equals I.67. Water decomposes il into 
hydrogen chloride and sulphunnu add : 

SOCl, -f- H,0 = SO, + 2HCI. 

Sulphuroas Acid, H,SO„ is not known in free condition, but is 
probably present in the aqueous solution of sulphur dioxide. On cool- 
ing the concentrated solution to 0°, colorless cubical crystals separate, 
containing probably six molecules of water (Geulher). If the aqueous 
solution is allowed to stand for some time, especially in sunlight, sulphur 
separates with the formation of sulphuric acid : 

SSO, -I- 3H,0 = H,aSOj + S. 

'Tie add fynat colorless compoanda with dyestufbot ttte ftowen. \:i^M.\K ^tftcsci,^ 
add or heat breaks down tbeae deiivatives, r. (., the oripnai ceVcm waceV***- 
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Sulphurous acid is dibasic and forms two series of salts ; the primary 
(KHSO,) and secondary (K,SO,). 

The sulphites, with the exception of those of the alkalies, are insolu- 
ble or dissolve with difficulty in water [sec Seubert and Ellen, Z. f. 
anorg. Ch. 4 (1893), 44]. When sulphurous acid is separated out 
from its salts by stronger acids it decomposes into its anhydride and water : 

Na,SO, + 2HCI = 2NaCl + SO, + H,0. 

The following is all that is known regarding the chemical structure of solphnroas add 
and its derivatives. Its anhydride and chloride have the formulas : 

IV rv o 

O = S = O and O = S<^- 

By water absorption or by decomposition with water the hydrate 

results. This formula indicates that the hydrogen atoms or the metals which may replace 
them are not directly combined with the sulphur, but are linked through oxygen. Or- 
ganic compounds, esters of sulphurous acid, are known which undoubtedly are derived 
from this symmetrical formula. The inorganic salts of the add, however, very probably 
contain one metal atom in direct union with sulphur, hence their basal acid must have 
the formula 



o="<r" " ^s<S«' 



accordingly as sulphur is regarded as quadrivalent or sexivalent Oiganic derivatives are 
also known of this unsymmetrical acid. From this it would appear that the anhydride 
readily yields compounds which may be derived either from a symmetrical or an un- 
symmetrical hydrate, SO,H,. See Sodium Sulphite and also Richter's Organic Chemistxy. 
Thermo-chemical Deportment. — Sulphur dioxide is a very powerful exothermic com- 
pound. 71. 1 Cal. are set free in its formation from rhombic sulphur and oxygen. When 
it dissolves in much water there is an additional disengagement of 7.7 Cal., so that the 
heat of formation of the hypothetical sulphurous acid in dilute aqueous solution (from 
sulphur, oxygen and water) equals 78.8 Cal. : 

(S,0,) gas = 71.1 ; (SO„Aq) = 7.7 ; (S,0„Aq) = 78.8. 

In consequence of this great loss of enei^ the dioxide is a very stable compound ; it 
is only at high temperatures that it sustains a partial separation into sulphur and oxygen. 
For its behavior toward oxygen, see p. 187. 



Hydrosulphurous Acid, H,SO, or H^S^O^. On adding zinc, iron, and some other 
metals to the aqueous solution of sulphurous acid they dissolve without liberation of 
hydrogen to yellow-colored liquids. Schdnbein (1852) observed that such solutions pos- 
sessed, when applied to indigo, strong bleaching properties, and assumed that there was 
in them a peculiar acid, the composition of which was first determined by Schiitzenberger 
in 1869. The hydrosulphurous acid is formed there by the action of the hydrogen set 
free by the zinc upon a second molecule of sulphurous acid : 

H,SO, -f Zn = ZnSO, -f H, 
and 

H,SO, -f H, = H,SO, -f H,0. 

The aqueous solution of the acid has an orange-yellow color, reduces powerfully, bleaches 
and soon decomposes with separation of sulphiu* and the formation of sulphurous add. 

The salts are more stable than the acid. The sodium salt \s obvaixi^d ^-^ \Sci<& ^KiXskici^ ks^ 
zinc fiYings upon a concentrated solution of primary sodkLm s«\i^\Xfc. \\. \%>aafc^ \w ^%- 
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ii^ mnd cotton printing to bleach indigo. Iti composition it not established with cer- 
t*int; ; it ooneipondi to either Ihe funnula NatlSU, or NafSgOf llie sail solntioa} 
abiarfa oxygen rttj ta|Hdlj fiom the air and change to sulphites. 



Snlpbur Soaqaloxide, S,0,, is obtained b^ Ihe solation of flovers of sulphui in 
Kqiiid lulphuric anhydride ; ii separaies out In blue drops, which solidify to ■ maa^ reaem- 
bling iiBlachite. ll decomposes gradoally, more rapidly on wanning, inlu sulphur dioxide 
and snlphor. Il it mj liolently broken down bj water, with formation of sulphur, 
nlphurous, lulpharic, and polythionic acidt. It distolTes with a blue color in fumii^ 
Mlpfaaiic acid. 

Sulphur Triozide, SO,, or sulphuric anhydride, is produced, as pre- 
viously described, by the union of sulphur dioxide and oxygen, aided by 
heated platinum sponge. Platinized balls of while clay are used in tech- 
nical operations. It is also formed when sulphur dioxide and air are con- 
ducted over ignited oxide of iron, chromic oxide, or manganese oxide. 
These oxides act like the platinum sponge, platinized asbestos or clay. 
They are merely contact sul>stances. It can also be made by heating 
sodium or potassium pyrosulpbate (p. 194) and anhydrous sulphates, e. g., 
fenic sulphate: 

Fe,(SO,), = re,0, + 3SO, ; 

and is most conveniently obtained by heating fuming (Nordhauscn) sul- 
phuric acid (p. 193); theescaping white fumes are condensed in a chilled 
receiver. It may be obtained pure by repeated distillation, by fusion at 
moderate temperature (20-30°), and then pouring it off from the re- 
maining solid portions. It crystallizes in lung, broad, transparent 
needles, which meit at 14-8'' lo a very mobile liquid. At 16° its s])ecific 
gravity is 1.940. It distils at 46°. The vapor density agrees with the 
formula SO,. The perfectly pure anhydride does not change on preser- 
vation. If, however, by absorption of water it contains tracesof sulphuric 
acid, it soon becomes an asbestos-like mass, which does nut melt until at 
about 50°. This was formerly regarded as a peculiar form of sulphuric 
anhydride. The pure anhydride can 1« readily obtained from il by 
distillation [R. Weber; sec also Rebs, Ann. Chem, 346 (1888), 379]. 

Sulphuric oxide fumes strongly in the air, and attracts moisture with 
avidity. When thrown on water it dissolves with hissing to form sul- 
phuric acid (SO, + d.O = H^OJ. 

When the vapors are led through healed tubes they are decomposed 
into sulphur dioxide and oxygen. 



Tkirmo-cktmicat DepertmttU.—'VlYiKa sulf^ur 
liquid sulphur tiioxide 31.1 Cal. ■(« disengaged, s 
elemetiti v% 103.1 Cal. : 

(S0„0> liquid = 3*.!, (5,0,) liquid = 103.2, 

inasnuch as the heal of fonnatioi) of the dioxide ^71.1 Cal. (p. 1S6). This is another 
contradiction of Berthelol's priodple of the greatest evolution of heat. According to it 
when salfAai bona in (be air at in oxygen it shoa\A form not. v\te£\Qi\^Wv\^cvn<!u&c, 
fecBUK fo t&e luter eaae there would occur the greater \Ma^ wqW'uoti. ■V&t\«jA.w<Eoi». 



1 88 INORGANIC CHEMISTRY. 

from 91. 1-95.5 percent, of the sulphur is converted into dioxide, and only 2.9-2.5 per 
cent, into trioxide. In the presence of porous bodies (ferric oxide, etc.) the qnantitj 
of trioxide reaches as much as 13 per cent 

On dissolving sulphur trioxide in much water to form aqueous sulphuric add* J9.2 
Cal. are disengaged. The production, therefore, of the aqueous add from sulp^or, 
oxygen, and water equals (including the heat of formation of SOg) 142.4 Cal. : 

(SO„Aq) = 39.2; (S,0„Aq) = 142.4. 

If we add to this the heat of formation of water (liquid), 68.3 Cal., the heat of for- 
mation of sulphuric add (H^SO^ = SO, -f H,0) from the elements in dilute aqiieoos 
solution will be : 

(H„S,04,Aq) r= 210.7. 

The heat of solution of anhydrous sulphuric add, in much water, equals 17.8 Cal. ; 
hence the heat of formation of anhydrous sulphuric add from its elements is 21CX7 ~~ 
17.8 = 192.9 : 

(H,SO„Aq) = 17.8 ; (H„S,OJ = 192.9. 

Sulphur Heptoxide, S,0,, was obtained by Berthelot on conducting a silent elec- 
tric discharge of considerable intensity through a mixture of equal volumes of dry sulphur 
dioxide and oxygen. It separates in oily drops which solidify at o^ to a crystalline mam. 
This compound must be regarded as the anhydride of persulphuric acid. It decomposes 
upon standing, immediately when heated, into oxygen and sulphur trioxide : 

SjO, == 2S0^ + O. 

It fumes strongly in the air and with water, as with heat, decomposes into sulphoric 
add and oxygen : 

SjO, -f 2H,0 = 2H,S04 + O. 

Persulphuric Acid, H,S,Og, corresponding to sulphuric heptoxide, has not been 
obtained in a pure condition. A solution of it may be formed at the anode when sul- 
phuric acid (cooled, 40 per cent.) is electrolyzed. Richarz thinks that it is produced in 
this instance by the sulphuric acid breaking down into the ions H and HSO4 (p. 92), 
the latter then combining to H,S,Og. Inactive oxygen and ozone are formed simulta- 
neously. A solution of the acid can be obtained by dissolving sulphur heptoxide in dilute 
sulphuric acid, also by the addition of aqueous hydrogen peroxide to cooled, concentrated 
sulphuric acid, when ozone is also produced. 

The solution of persulphuric acid in sulphuric acid exhibits oxidation reactions similar 
to those of hydrogen peroxide. It oxidizes ferrous to ferric sulphate, gradually liberates 
iodine from potassium iodide and decolorizes the blue solution of indigo-sulphuric add ; 
however, it is not capable of decolorizing a permanganate solution, neither does it oxi- 
dize chromic to perchromic acid or affect titanic acid solutions (p. 103). 

Hydrogen peroxide is produced if the electrolyzed sulphuric add contains more than 
60 per cent of sulphuric acid ; this is caused by the breaking down of the persulphuric 
acid which has been formed (p. loi). 

The persulphates result in the action of strong bases upon the heptoxide, or, as shown 
by Hugh Marshall and Berthelot, by the electrolysis of sulphate solutions [Elbs, Jr. 
prakt Ch. 48 (1893), 185, and Chem. Zeit. 1895, 1 120]. They will be described under 
the respective metals. Their dilute solutions show the following properties, character- 
istic for persulphuric acid : when heated they give out ozone, and in the presence of 
hydrochloric acid chlorine ; they precipitate the hydrated dioxide of manganese upon 
the addition of a manganous salt ; in the presence of sulphuric acid they oxidize aniline 
to aniline black. See p. 198 for the probable structure of persulphuric acid. 
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SULPHURIC ACID. 
HiSO,. 

It is certain that this acid was known in the fifleenlh century, probably 
long before that time. It is the most important of all the acids; nearly 
all of them can be prepared directly or itidirectly by means of it. In 
technical chemistry and in the arts it meets with an unusually exten- 
sive and varied application, but it is especially valuable, in the Le Blanc 
soda process, in the refining of petroleum and tar-oils, for the production 
of aluminium sulphate, blasting material, dyes, arti^cial manures, etc., 
etc. 

Besides the reactions already mentioned, it is formed in the oxidation of 
sulphur by nitric acid. It was obtained formerly by heating ferrous sul- 
phate (FeSO,), which breaks down into ferric oxide, sulphurous acid and 
sulphuric anhydride: 

jFeSOj = Fe,0, -f- SO, + SO,. 

At present, however, it is almost exclusively manufactured in targe quan- 
tities, after the so-called English lead-chamber process. This method is 
based upon the convereion of sulphur dioxide into sulphuric acid by means 
of nitric acid. Sulphur, pyrite (FeS,), or other blendes are roasted in 
ovens, and the disengaged sulphur dioxide immediately conducted, to- 
gether with air, into a series of large leaden chambers in which it is fre- 
quently brought in contact with nitric acid and steam. 

The nitric acid gives up a portion of its oxygen to the sulphur dioxide 
and thereby oxidizes it in the presence of water to sulphuric acid, which 
collects on the floors of the lead chambers. The nitrogen oxides, NO, 
NO,, and N,0„ arising simultaneously from the nitric acid, are capable 
of transferring, in various ways, the oxygen of the air, which enters the 
chambers, in the presence of water, to the sulphurous acid so that it 
passes over into sulphuric acid. As the nitrogen oxides are being con- 
stantly regenerated, a given quantity of nitric acid should, according to 
theory, be capable of convening unlimited amounts of sulphur dioxide 
into sulphuric acid if the water and oxygen are jjresent in sufficient 
quantity. Facts show that this is really not true, because a portion of 
the nitric acid (i-a parts by weight for 100 parts of sulphurous acid) is 
reduced to nitrous oxide, nitrogen, and probably ammonia, — compounds 
which do not participate in the oxidation of the sulphurous acid. Hence, 
in the lead chambers the nitrogen oxides, particularly nitric oxide, play 
the r6le of oxygen carriers. 

Tbe chemiol changes occurriag lide by ude in the lead chambers are influenced by 
(he quantities of the reacting substances and by (he temperature : conscrjucnlly, ihey are 
not Uic same for all chamb^s, indeed not the same for different parts of the iame cham- 
ber. The chemical and phyucal conditions are being ciinstanlly altered by the violent 
mixing together of the gasei, and it seems almiisl a fruitless Usli Ic) allempl In estalilish a 
dclinile theory for the sulphuric acid manufacture. The most important of Ihcse changes 
appear lo be Ihe following : 

In the presence of water, the nitric acid oxidiies the sulphur dioxide to sulphuric acid, 
•nd the former b reduced tn nitric oxide (NO) or nitrogen dioxide { N( ),) : 

SSO, + sHNO, + 3H,0 ^ jH^SO, V »^*0. 
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The nitric oxide unites with the oxygen of the air (which entered the chamben siiiniU 
taneously with the sulphur dioxide) to form nitrogen dioxide, which, in the presence of 
water, converts a fresh portion of sulphur dioxide into sulphuric add : 

SO, -h H,0 + NO, = HjSO^ + NO. 

The regenerated nitric oxide is again subjected to the same transfonnations. In Lunge's 
opinion the lead-chamber process is not an alternating reduction and oxidmCion of tlie oxides 
of nitrogen, but rather a condensation of nitric oxide and nitrogen dioxide with sulphur 

dioxide, oxygen, and water to nitrosyl sulphuric acid, SO^^qu (P* 207) : 

2SO, -f 2NO + O, + H,0 = 2SO,<2Jj^^ 

The excess of water in the lead chamber immediately converts this product into sulphuric 
acid and nitrogen trioxide or a mixture of nitric oxide and nitrogen dioxide : 

2SO,<g^N^ + H,0 = 2S0,<gg + N,0,. 

N,0, = NO + NO, ; N,0, + H,0 = 2HNO,. 

In the anterior portion of the chamber system the nitrosylsulphuric acid breaks down 
with the assistance of the sulphurous acid and with the formation of nitric oxide : 

2SO,<^^^^ + SO, -f 2H,0 = 3SO,(OH), + 2NO. 

The regenerated nitric oxide and nitrogen dioxide act together with air and steam upon 
new quantities of sulphur dioxide in the manner already indicated. According to Lui^, 
nitrosylsulphuric acid is fonned upon the very first action of the nitric add introduced into 
the lead chamber : 

SO, + NO, . OH = SO,<Q^^^ 

and it then reacts in the manner indicated. [See lounge, Z. f. anorg. Ch. 7 (1894), 
212; R. Hasenclever, Ber. 29 (1896), in, 2»i3i ; H. Ost, Lehrt>uch des technischen 
Chemie, 3 Aufl. (1898), and especially Jurisch, in Dammer's Handbuch der chemischen 
Technologic (1895) I, 163.] 

In the lead-chamber process the active nitrogen oxides (NO and NO,) are carried along 
and withdrawn from the action by means of the escaping nitrogen and excess of air. To 
avoid any further loss of nitric acid by this means, the escaping brown gases are conducted 
through the so-called Gay-Lussac tower. This is constructed of lead sheets, and filled 
with pieces of coke, or, as these are apt to become coated with a mud of lead sulphate 
which stops them up, with fire-brick or cylinders over which concentrated sulphuric add 
constantly trickles. The acid completely absorbs the nitrogen oxides N,0„ NO, and 
NO, with formation of nitrosylsulphuric acid (see p. 208). The nitrogen oxides can be 
regained from the acid — the so-called nitroso-acids — collected at the bottom of the tower, 
and made useful in the production of sulphuric acid in the chambers. This is effected at 
present in the so-called Glover tower, which is constructed of lead plates and fire-proof 
bricks, and inserted between the sulphur ovens and lead chambers. In this the nitroso- 
acid (diluted with the previously obtained chamber acid) is allowed to run over fire-brick, 
while the hot gases of combustion from the sulphur ovens stream against it. This cools 
the hot gases to the required temperature (70-80®), water evaporates from the chamber 
acid, and, at the same time, the nitrogen oxides are set free (see above), and carried 
into the lead chambers. Hence, the Glover tower serves not only for complete utiliza- 
tion of the nitrogen oxides, but also for the concentration of the chamber acid (to 82 
per cent. H,S04). 

The chamber process may be illustrated by the following experiment : A large glass 
flask A (Fig. 64) replaces the lead chamber; in its neck are introduced, by means of a 
cork, several glass tubes, which serve to introduce the vanows ^ascs. Yu a, ^k^^nss ^* 
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milk it geiUTMed hy heating a mixture of lulphuHc acid and memtrr «r capper tuni 
JDg^ ThF flaik t conlalns tome diiule niliic acid and copper turninj^n, rnim winch nilifc 
uaide (NO) h rvoltfd. Walci is biriliHl in r lo get steun. Air rtnen ihraugh i/wiiiM 
the emu of gases cicapei tliiough '. By the meeiing of nitric oxide (NU) with I^ 
air, icd fames of nitrogeu dioxide (NO^ariK, and these in ptesrnce of water chan 
thv sulpbor dioxide to salphuric add. The regeiiemted oiEric oxide yields nitrogm d 
oxide with the oiyg«n of the nir, and converts another portion of sulphur dioxide inl 
sutpburic acjd. In lime a(|ue(ius lulplmric acid coIIcgIe upon Lhe bnttoni i>{ Ihe vcxael, 

If, at (irsi, tm\j sulphur dioxide, nitric oxide and air enter without the sleatn, we Slt| 
lO.NO,. 



Milphuiic 



{hy aid of Ihe moislme of the air) the compound .SO, i q jV (the so-called ni 

■cid) which coven the walls of the vessel with a white crystalline Bublimnie. Thex« 

crystals, known ax ttaJ-tkambtr iryilali, are alio fonncd in the technical manufacture 




The acid collecting in the chambers (chamber acid) possesses, when \ 

theoperation has been ptoperlyconducled, the specific gtavityof 1.5(50* K 

according to Bcaumf); it contaitisatwnt 60 percent, of sulphuric acid J 

I and 40 1*1' cent, of water.* For concentration the cliamlwr acid is first ] 

I" heated in lead pans tiniil ihc specific gravity reaches 1.71 (60° Ltcaumi; I 

• The Beaum* araeometer (n/Miin, ihiii) — hydrometer — used so much in lethnital worl 

s an empirical scale. Kor liquids heavier llian water an inslrumcnl is used the Mil 

I ipajni of which n obtained by placing It In pure water. This will give the highest point I 

V of the scala. A second fixed point is obtained by dipping Uie instnimenl inln ■ toluliud I 

""■■■--'■ — - ■ Veiafcnthef 
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78 per cent. H,SOJ. The lead pans are strongly attacked by further 
evaporation. However, in vessels of cast iron, an acid of specific gravity 
1.8 (64.2° Beaum6; 86.9 per cent. HjSOj may be obtained. These 
are the crude sulphuric acids {Acidum sulphuricum crudum) of commerce. 
They still contain arsenic, selenium, iron and lead. The purified acid 
obtained in various ways and diluted is again reduced in lead vessels to 60^ 
Beaum^; further concentration to 65.5-66*^ Beaum^ (92-94 per cent. 
HjSO^; specific gravity i. 83-1. 837) is conducted in vessels of glass, 
porcelain or platinum. The most concentrated acid (98-98.5 per cent. 
H^SOJ is always made in vessels of platinum, which in recent years have 
been lined within with gold, because they are then less attacked. 

By the distillation of the crude English acid an aqueous solution at first 
distils over (one-third of the distillate), but at 338^ we obtain almost pure 
sulphuric acid (^Acidum sulphuricum purum or desHllcUum). This has the 
specific gravity 1.854 at o^ or 1.842 at 12^, and contains about 1.5 per 
cent, of water. On cooling this to — 35** white crystals separate, which 
after repeated recrystallization melt at 10.5° ; this is the anhydrous acid, 
HjSO^; also called sulphuric acid monohydrate. The crystalline acid 
is more readily obtained by cooling the 96-98 per cent, sulphuric acid 
to o^ or — 10°, and then adding already formed crystals. This is the 
manner in which the anhydrous acid is produced technically ; the crys- 
tals are separated from the liquid hydrous acid by a centrifugal machine. 

Pure anhydrous sulphuric acid, H^SOl (called monohydrate), has the 
specific gravity 1.8384 at 15** (water of 4^ = i), and is, therefore, lighter 
than slightly hydrous acid. When the anhydrous acid is heated, white 
fumes of sulphur trioxide escape at 40^ ; the liquid begins to boil at 200^, 
and at 338° the acid, with 1.5 per cent, of water, again distils over. 

From these data it is obvious that sulphuric acid, even at a gentle heat, sustains a par- 
tial decomposition (dissociation) into sulphur trioxide and water. The vapor density of 
sulphuric acid has been found to be 72.0 (O, = 32) at 332° (near its boiling point). It 
diminishes at higher temperatures, and is 49 at 416°, where it is constant This 
behavior is explained by the dissociation of the acid molecules, according to the equation : 

HjSO^ = SO, -h H,0. 
1 vol. 1 vol. 1 vol. 

Hence the dissociation of the acid is complete at 4x6°, while it is only about 34 per 
cent, at 332® (p. 94). 

Concentrated sulphuric acid is a thick, oily liquid. On cooling a sul- 
phuric acid, containing about 15 per cent, of water, to 0°, large six-sided 
prisms of the hydrate H,SO^ -f H,0 (called sulphuric acid dihydrate) 
separate; these melt at +8°, and at 205** break down into the anhydrous 
acid and water. The second hydrate^ H,SO^-+- 2H,0, has the specific 
gravity 1.63, and yields water at 195°. The concentrated acid possesses 
an extremely great affinity for water, and absorbs aqueous vapor energet- 
ically, hence is applied in the drying of gases and in desiccators. It mixes 
with water with the evolution of considerable heat, and, for this reason, it 
is especially directed, in diluting the acid, to pour the latter in a thin 
stream into the water, and not the reverse, as explosive phenomena occur. 
In mixing sulphuric acid with water, a conuacxioii ol XV^ \sv\t\.w\^ VaJi.^ 
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place; its maximum corresponds to the hydrate H,SO^+ lUfi (/ ^ , 
98 parts : 36 parts). 

The existence of the hydrates of sulphuric acid is explained, as in the case of periodic 
acid, by the assumption of hydroxy! groups. Later investigations confirm this idea : 

H^O^ -f 2H,0 = S(OHU Hexahydroxyl sulphuric acid. 
HjSO^ 4- HfO = 80(0^4, Tetrahydroxyl sulphuric acid. 
H|SO^ . . = SO,(OH)2, Normal sulphuric acid. 

The tetrahydroxyl and the hexahydroxyl sulphuric acids yield only salts of the normal 
dibasic add, when they are acted upon by bases. Salts corresponding to the hydrates are 
not known, as was the case with periodic acid. 

The affinity of sulphuric acid for water is so great that the former with- 
draws the hydrogen and oxygen from many substances, with the produc- 
tion of water. In addition to carbon, many organic compounds contain 
hydrogen and oxygen in the proportion in which these elements yield 
water. The withdrawal of hydrogen and oxygen from such substances 
leaves the carbon. This explains the charring action of the acid uf)on 
wood, sugar, and paper. When sulphuric acid acts upon alcohol (C,H,0), 
ethylene, C,H^, results (p. 153). 

By conducting sulphuric acid vapors over red-hot porous bodies, it is 
decomposed into sulphur dioxide, water, and oxgen (p. 194) : 

H^4 = SO, + H,0 + O. 

When heated with sulphur, phosphorus, carbon, and some metals (mer- 
cury, copper), the acid is reduced to sulphur dioxide (p. 183). Nearly 
all the metals are dissolved by it, forming salts; only lead, platiniim, and 
a few others are scarcely attacked at all. It is a very strong acid, and, 
when heated, expels most other acids from their salts; upon this dei)ends 
its application in the manufacture of hydrochloric,nitric, and many other 
acids, especially the organic acids. The barium salt (BaSOJ is character- 
ized by its insolubility in water, acids, and alkalies; therefore, sulphuric 
acid added to solutions of barium compounds produces a white ])ulveru- 
lent precipitate, which serves to detect small quantities of the acid. 

The structure of sulphuric acid and its anhydride can, assuming sul- 
phur to be sexivalent, be expressed by the following formulas : 

°>^'_- o. 

Pyrosulphuric or Disulphuric Acid, H,S,0,. On withdrawing 
one molecule of water from two molecules of the acid there results the 
compound H,S,0^, whose formation and structure may be represented by 
the following formula : 

X" — H,0 = O 

SO,<-g» so.<o„ 

As this acid contains two hydroxyl groups it is dibasic ; yet its manner 
of formation shows that it possesses an anhydride ^\<^\^<:X^^ . Later ^ we 
'J 
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will observe that almost all polybasic acids, like phosphoric acid, 
PO(OH)„ silicic acid, SiO(OH)„ and chromic acid, CrO,(OH)„ are 
capable, by the condensation of several molecules and the elimination of 
water, of forming like derivatives, which bear the name Foly- or Pyro- 
acids. The pyro-acid, corresponding to sulphurous acid, is also known 
in salts. 

The disulphuric acid is contained in the so-called y^miV^ or Nardhau- 
sen sulphuric acid {Acidum sulphuricumfumans, oil of vitriol), which was 
formerly obtained by heating dehydrated ferrous sulphate — green vitriol 
(FeSOJ. It is a thick, oily, strongly fuming liquid, of specific gravity 
1.86-T.9. When it is cooled, large colorless crystals of disulphuric acid 
(H,S,Of) separate ; these melt at 35^. Heat breaks it down into sulphuric 
acid and sulphur trioxide, which volatilizes: 

H^Oy = HjSO^ + SOy 

Conversely, disulphuric acid may be obtained by dissolving sulphur 
trioxide in sulphuric acid : 

HjSO^ + SO, = HjSjO^. 

The production of fuming sulphuric acid also depends on this, as it may 
be regarded as a solution of sulphur trioxide or pyrosulphuric acid in an 
excess of sulphuric acid. 

Technically, fuming sulphuric add is obtained from pyrites (FeSL) — (at present only 
in Bohemia). The decomposition of the pyrites in the air yields ferrous sulphate and 
ferric sulphate, which can be dissolved out with water. The solution is evaporated, and 
the residue roasted in a reverberatory furnace, whereby the ferrous salt is changed to 
ferric salt. The latter is then distilled from earthen retorts, when sulphuric acid and sul- 
phur trioxide pass over and are collected in the receivers : 

Fe,(SO,), = Fe,0, -{- 3SO,. 

The residue, consisting of red ferric oxide, finds application as colcothar [caput mor- 
tuum) in polishing and as a paint. 

Solid, crystalline pyrosulphuric acid has been recently introduced into 
the market as a substitute for the fuming liquid sulphuric acid. It is made 
by conducting the theoretical amount of sulphur trioxide into concen- 
trated sulphuric acid (see above). Sulphur trioxide is prepared by two 
distinct methods at present. 

In Winkler's method sulphuric acid of 66® 6aum6 is first allowed to run into retorts 
raised to a red heat. The mixed gases, sulphur dioxide, oxygen and water (p. 193^, 
resulting from this action, are freed from steam by passing through a coke tower through 
which trickles concentrated sulphuric acid. The dry mixture is then conducted over 
heated platinized balls of white clay and the resulting sulphur trioxide is collected in 
concentrated sulphuric acid. 

The more recent method of Wolters consists in producing sodium pyrosulphate by heat- 
ing sodium sulphate with concentrated sulphuric acid : 

Na^SO^ -f H,SO^ = Na,S,0, -f H,0. 
Sodium Sodium 

sulphate. pyrosuVpYvale. 



An intoaie^te pndoct in (his iciction is primcry sodium MiTphate — NaHSO^— 
whkl) Dpaa the appUcatiDn of heat gives up waier and paues into ihe pyrosulphaie. By 
the actioD of coocentrated sulphuric acid upoo Ihe Utier the anhydride is liberated and 
distilled off in a TacDum : 

Na^O, + H,SO, = aNaHSO, + SO,. 



Na^O, = Na,SO, + SO,. 



Sulphnric Acid ChloranliTdridei. — Under the name of halogen anhydrides we 
nndentand (he deriTalives resulting from the replacement of hydroxy] in acids by 
chlorine. Conrenely, the chloranhydiides, by the action of watei, pass into the corre- 
spooding acidi: 

SO,<Q + aH,0 = SO,<^^+ alia. 

The ordinaiy method for the pceparalioa of the cbloranbydrides consists in pennitling 
phosphorus penlachloride to act on Ihe acids. Sulphuric acid has two hydroxyl groups ; 
therefore it can fumiifa two cblotanhydrides. 

The>^, SO,<^fy SulfAiryl Hydroxy-cklorUi, or CkhnHlf>he»U Aiid, resulU 
when one nudecnle of phoqihottM pentachlodde acts upon one molecule of sulphuric acid : 

so,<2S + pa, = so,<Q„ + poci, + Hci. 



lSO,(OH),+ POO, = 3SO,<^jj + HPO, + HCI. 

It is fomied, too, \tj Ihe direct nnioo of sulphnric anhydride with hydrochloric acid : 

S<^ + HQ = so,aH. 

The most practical method for its fonnalion conssis in conducting chlorine gas through 
sulphuric acid ItJ parti), and gradually adding phosphorus trichJoride (7 parts). Or, 
hydrochloric add ns is led into solid fuming sulphuric acid (H,S,(),}, as lung as absoip- 
tioo occurs, and uien Ihe add is distilled (Otto). 

Chlorsulphonic add is a colorless, strongly fuming liquid, of speciAc gravity 1.716 at 
18°, and boils without decompoaition at 151°. The salt S0,<qj^ results from the 
onion of tulpbur irioxide with potassium chloride. 

The srcimd chloranhydride, SO,CI,, or Stdpkuryl ChlBridt,* forms when pho!<phonis 
pentachloride acts upon snlphuiic «ihydiide ; and also by the direct union of sulphur di- 
oxide with chlotine in sunlight : 

SO, + a, = so.cv 
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The most convenient method for its formation is to pass equal volumes of sulphur dioxide 
and chlorine gas into a capacious flask, containing some camphor, which causes the 
union of the gases to form sulphuryl chloride. A colorless, suffocating, strongly filming 
liquid, of specific gravity 1.667 at 20° (referred to water at 4^), results. It boils al 
69. I**. Water decomposes it slowly at the ordinary temperature into sulphuric and hydro- 
chloric acids. A little water will first change it to chlorsulphonic acid : 



SO.<a + H,0 = S0,<°, + HCl. 



Its vapor density is normal at 130° ; at higher temperatures it breaks down into sulphur 

dioxide and chlorine : _ _ 

SOjCl, = SO, + CI,. 

Pyrosulphuryl Chloride, SjOjCl,, is the chloranhydride of pyrosulphuric acid. It 
is obtained by several reactions, chiefly, however, by the action of phosphorus pentachlo- 
ride or phosphorus pentoxide upon chlorsulphonic acid : 

*so.<oH - «.o = i8:5| 

It is a thick liquid, fuming in the air; has a specific gravity of 1. 8 19 at 18®, and 
boils at 142^. At 210° it shows a normal density ; it is dissociated at higher tempeni- 
tures, corresponding to the equation : 

SjOjCl, = SO, + SO, + CI,. 

It dissolves gradually in water, without hissing, and decomposes into sulphuric add and 
hjrdrochloric acid ; at first, with a little water it yields chlorsulphonic add. 



AMIDO-DBRIVATIVBS OP SULPHURIC ACID. 

The amide of an acid is produced when its hydroxyl is replaced by the univalent 
group NH^. In the case of polybasic acids there are several amides as there are sev- 
eral chlorides, dep>ending upon whether the hydroxyl groups are partly or completely re- 
placed by amido-groups. Sulphuric add yields : 

SO.<g||. SO,<NH| 

Amidosulphonic acid, Sulphamide, 

Sulphaiiilic acid Sulphuric acid amide, 

or Amidosulpharic acid. 

They may be obtained by treating the corresponding chlorides with dry ammonia. 

Sulphamide^ formed by Traube on conducting ammonia into a solution of sulphuric 
add chloride : 

SO,a, -f 4NH, r= SO,(NH,), + 2NHp, 

consists of large, colorless crystals melting at 81°. It dissolves readily in water ; its solu- 
tion is neutral in reaction and has a slightly bitter taste. Alkalies and acids partly 
saponify it in aqueous solution, forming at first sulphamic acid, then sulphuric acid and 
ammonia — a reaction corresponding to the decomposition of the chlorides of sulphuric 
acid by water. Sulphamide, like sulphuric acid, contains two hydrogen atoms replaceable 
by metals. It yields a silver salt of the composition SO,(NHAg), [see W. Traube, Ber. 
a6 (1893), I, 607]. 

In the action of ammonia upon sulphuryl chloride, sulphimide^ (SO,) = NH, is pro- 
duced together with sulphamide. It is also formed when the latter is heated to 200-210®. 
It acts like a monobasic acid ; its salts, e. g., 

SOjN.K, SO,N.Na, ^SO,^^,^i^-V^^iO, 



IVLYTH IONIC ACIDS. 

•R iMdilj loliiUe b waler and cryiialliip well. CiysUUii«d lulphimide is 
known ; bf the abuBption of water it posset readily into sulphuric acid and 
(W. Traube). 

Id addition to the preceding Ihcrc are other compoundi derived either from 
or froiD hjrdraiylamine in such manner that the hydrogen in (hem in direct union with 
mtiogcn is replaced b; Ihe uniTaleat su t^ifao- group— S(^H. Two serie* result : 

NH,.SO,H HO.NH.SOjH 

Aaidoaolphoric acid (tee p. 196). Hrdioaylamlne sulphoaic acid. 

NH(SO,H), HO. N(SO,H),. 

Imldontpbmk acid, Hydroiylanlne dlaolphonlc add. 
Dlnlpumlc acid. 

N(SO,H), 
Nltrokanlphonic add, 
Triaulphunic add. 

The acids of the first series are obtained from ammonia and sulphur trioiide or chlorsnl- 
phomc add : also, just like the tecond, from su1phurou> acid and nitrous add or hydFoxyl- 
amine in aqueous solution [Raschig, Ann. Chem. 34> (1SS7), ifil ) also Cbem. Cent!*]- 
blatt, 1897, I, 10; compare p. 131]- 

Tbiosulphurie Acid, H,S,0, = 
sulphurous add, can be considered as sulphuric acid in which the oxygen 
of an hydroxyl group is replaced by sulphur. Il is not known In a free 
condition, since as soon as it is liberated from its sails by stronger acids 
it at once decomposes into sulphur dioxide, sulphur and water (com- 
pare Bcr. aaCiSSg), 1686, 2703): 

N»AO, + aHO = aNaa + SO, + S + H,0. 

Its salts, called kyposulpUtts, areof practical importance (compare Sodium 
Hyposulphite). They are formed by the direct addition of sulphur to 
sulphites: 

Na^SO, + S = Na,S,0, ; 

similar to the formation of sulphates by the addition of oxygen to the sul- 
phites. 



1. Na,S + I, = «NaI + 5; a. S + Na,SO, = N«,S,0^ 
Sodium amalgam lenlTes sodium hyposulphite into aodiutn sulphite and sodium sulphide. 

POLYTHIONIC ACIDS. 

By this name (from iroile, many, and 9tr.iv, sulphur") ace understood the 
Kida ofsalpbar, containing two or mote B,ton£ Q^ \^ft\!».\« -wx^v^-t. 
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oxygen atoms and two hydrogen atoms. Salts of the following are 
known : 

H,S,Og, Dithionic add. 

H^O^ Trithionic add. 

H^^O^ Tetxathionic add. 

H,S(0^ Pentathionic add. 

Following Blomstrand and Mendelejeff it maybe assumed that there are two aniYaleiit 
VI 
groups — SO,H or SO, . OH — in these adds whidi in dithionic add are dixectly com- 
bined, but in the other acids are joined through S, Sg, S^ with one another. 

SO,H ^ SO,H ^ SO,H ^ SO,H 

I S<' • s,< " s,< ^ 

SO,H ^SO,H *^SO,H ^^SO,H. 

VI 
The group SO|H is known as the m^^^-gioup ; it is also present in oiganic solpho- 
acids, and corresponds to the add-forming carbon group, COOH, called carbifxyL From 
this group are derived the adds just mentioned : 

H.SOj.OH HO. SO,. OH ^<|o*!oH HS.SO,.OH. 

Sulphurous acid. Sulphuric acid. Pyrosulphuric add. Thlosulphoric add. 

The fonnulas of the polythionic acids mar also be derived (rom the formulas of the 
hydrogen sulphides, H^, A,S,, and H^S,, if the hydrogen atoms in these be replaced 
by the sulpho-group. If in the case of the ordinary hydrogen sulphide this replacement 
extends merely to one hydrogen atom, thiosulphuric add results ; the adds oorrespooding 
to it are not known in the other two series : 

^^H e/SO, . OH c^SO, . OH 

^<H ^<H ^<SO,.OH 

Q ^^H Q ^^SO, . OH 

^"^H • • ^"^SOj.OH 

Q ^^H Q SO, . OH 

^"^H • • ^"^SOj.OH. 

Similarly, sulphuric acid and pyrosulphuric acid are derived Irom water ; whereas 
persulphuric add must, according to Michaelis and Richarz, be referred to hydrogen 
peroxide : 

/>^^H ^x^SO.H ^^^SO-H 

Sulphuric acid. Pyrosulphunc add. 

Unknown. Persulphuric acid. 

This is an example of the type idea mentioned on p. 172. Whether the formulas 
deduced above actually represent the true chemical structure of the polythionic adds is 
at present very questionable [see Debus, Ann. Chem. 244 (1888), 181I. 

Dithionic Acid, H,S20,, is only known in aqueous solution. When concentrated 
in vacuo or when heated it decomposes into sulpnuric add and sulphur dioxide. Its 
manganese salt (together with manganous sulphate) results from the action of sulphur 
dioxide upon manganese dioxide (MnO,) suspended in water : 

MnO, + 2SO, = MnSjO, 
and 

MnO, + SO, = MnSO^. 



OXVGEH DBKIVATlVtS OP SELENIUM AND TELLURIUM. 

Barinin hjrdroxide coDTciti Ihis into the barium mIi, rrom which the free dilhic 
mqueous lolution is obuiiied by metja of sulphuric acid. 

TrithioDic Acid, H,S,Oy u not known in a ficc condi 
when ui aqueous lolutioD of pcimai; potassium sulphite 

6KHS0i + aS = aK,S,0, + K^O, + jH.O. 

Separated from iti salts b]r other acidi il decomposes rapidly into sulphuric add, sulphur 
dioxide, and sulphur. Its pcoduclion by the action of iodine upon a mixture of sodium 
■nlpfaite aod byposnlpbite it especially interesting : 

Na,S,0, + Na^, + I, = Na^O, + 3N»I. 

It is also fonned from sulphur dichloride and sodium sulphite : 

SCI, + ^N^SO, = Na,S,0, -f aNaCI (Spring). 

The tri- and not a tetrathionate is pnidiiced when sulphur dichloride is used. ' 

Tetnttbiontc Add, H,S,0,. Its salts are produced when iodine acts upon solatioas 
ti the hyposulphites : 

+ 2KI. 

ralhlonate. 

This reaction is aj^ied in volumetric analysis for the quantitative determination of 
iodine, and such substances as separate iodine Iroro potassium iodide (see Sodium 1'liio- 
sul^ale). 

The tetrathionic acid, separated from its salts by sitonget acids, is very unstable, and 
when its aqueous solution ii concentrated it decomposes into sulphuric acid, sut]ihur 
dioxide, and sulphur. An aqueous solution of the acid can be easily prepared by con- 
ducting hydrogen sulpbtde into aqueous sulphurous acid : 

4SO, + 3H,S = H,S,0, + aH,0 + 3S. 
If the solution be saturated with bases, neutral and acid tetrathionates result, e. g., 
BaS,0, + 2H,0 and Zn(HS,0,),. 



SH,S + 5SO, = H,S,0, + 4H,0 + SS 



(Wackenroder's liquid; the dry gases do not react). It was from (his solution that Debus 
lirsl mepared pure, ciyslalliznl pentathionatet. 

11 the polythionic acids are distinguished from sulphuric acid by the solubility of their 



barium salts. The alkali salts of pentathionic acid decompose ii 

such a manner that after some time the salts of the other polythionic acids are also present 

in the solution. 



2. OXYGEN DERIVATIVES OP SELENIUM AND TELLURIUM. 
SeO, HjScO, 



Selenium Dioxide, SeO„ or selenintis anhydride, is produced when 
aelenium bams in the Mr or in oxygen, ll conaVsV.sotV'itMj.w'RxVt^wAVss., 
which subiitae at aboat 330° without fusirnj. \.t ^\?sQ\\ei xc^^^-i •>». 
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water, forming selenious acid, H,SeO,. The latter is also obtained by 
dissolving the metal in concentrated nitric acid. When the solution is 
evaporated it crystallizes in large, colorless prisms, which decompose, on 
heating, into the anhydride and water. Sulphurous oxide reduces seleni- 
ous acid, with separation of free selenium : 

HjScO, 4 2SO, -f H,0 = aHjSO^ -f Se. 

It is similarly reduced by potassium iodide in hydrochloric acid solu- 
tion with the simultaneous separation of iodine: 

ScO, + 4KI -h 4nci = 4Ka + 2H,0 + Sc + 2I,, 

Selenic Acid, H,SeO^, is obtained by conducting chlorine gas into 
an aqueous solution of selenious acid : 

HI HjScO, + H,0 + a, = HjSeO^ -f 2HCI. 

The solution may be concentrated until it attains a specific gravity of 2.6 when it 
becomes an oily liquid, similar to sulphuric add, and contains 95 per cent of selenic add, 
H,Se04. If the solution be heated above 260°, the add breaks down into selenium 
dioxide, oxygen and water. It was from this solution that Cameron and Macallan 
obtained the pure add as a crystalline mass, melting at 58^. It forms a hjrdnUe with 
water, H2Se04 . H,0, melting at 25^. Its ar^3rdride is not known. 

The salts of selenic acid are known as seUnates^ those of selenious add as seleniies 
[see Jahr. Chem. 1889, 388]. 



The derivatives of tellurium are very similar to those of selenium. 

Tellurium Dioxide, TeO,, results when tellurium is burned, and forms a white 
crystalline mass, fusing at a red heat and subliming. It is almost insoluble in water. 

Tellurous Acid, H,TeO|, is produced when the metal is dissolved in concentrated 
nitric acid. Water will precipitate it from such a solution in the form of a white amor- 
phous powder. On warming, it readily decomposes into the dioxide and water. 

Telluric Acid, H,Te04. Potassium tellurate is produced when tellurium or its di- 
oxide is fused with saltpeter. Tellurium is added to an excess of dilute nitric add in 
which it dissolves with violent reaction. The resulting dioxide is oxidized by means of 
a little more than the calculated quantity of chromic acid : 

3TeO, -f- 2CrO, -f-jHaO = jH^TeO^ + Cr,0,. 

The greater p>ortion of the telluric add separates on evaporation. It is purified by pre- 
cipitation with concentrated nitric acid from its aqueous solution [Z. f. anofg. Ch. X 
(1895), 190]. The add crystallizes from its aqueous solution with two molecules of 
water (H^TeO^ -f 2H,0) in isometric or triclinic forms, which at ICX)*^ 4ose all their 
water and break down into a white powder of telluric acid, HiTeO^. The latter is not 
very soluble in water, and manifests a slight acid reaction. When carefully heated, 
telluric acid breaks down into water, and the trioxide, TeO,, which is a yellow mass in- 
soluble in water, and by further application of heat decomposes into the dioxide and 
oxygen. 



3. OXYGEN DERIVATIVES OF THE ELEMENTS OP THE 

NITROGEN GROUP. 

The halogens combine with one atom of hydrogen to fotta halo^eti 
hydrides; their oxygen acids also contaimng one aX-orci ol \v^^\o^^x\, 
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The elements of the sulphur group contain two atoms of hydrugen in 
ibeir hydrogen derivatives and oxygen acids. Accordingly, we find that 
the elements of the nitrogen group combine with three atoms of hydro- 
gen, and form acids which also contain three atoms of the same element: 
Ha H,S PH. 

HaOu HjSO, PO,H, 

HCIO, H^, PO.H,. 

The acids of the nitrogen group containing three atoms of hydrogen, 
designated normal or ortko-adds {dpSii;, correct, real, true), as H,PO,, 
H,AsO,, H,AsO,, can yield monobasic acids by the removal of one mole- 
cule of water. Such derivatives, having one atom of hydrogen, are called 
meta-addi {ptrd, a word which here expresses a change in condition) : 
H,BO, HPO, 

OnbaptKiq>bOTk acid. MetiphoBphori 



Ka,AiOi NaAsO, 

m OTUoaracniMe. 



Dieu-arMiilile. 



These meta-acids of phosphorus pass into the ortho-acids by the absorp- 
tion of water. The ortho-acids of nitrogen, on the other hand, are less 
stable and only exist in some salts. The ordinary acids and salts of 
nitrogen belong to the meta-series and contain one atom of hydrogen 
(or metal) : 



(H,NO,) HNO, 

vMbonilric kcld. Ord. Nllik >cld, 

(H.NO,) ■ UNO,. 

Ofthonitroiu (cid. Ord. NUrousidd. 

The further exit of water produces the true anhydrides (p. 183). 



1. OXYOEM DERIVATIVES OP MITROOEN. 




The following formulas express the structure of these compounds : 

III III III HI III V V V 

N=N 0=N N=0 O^N N:;0, O.tN N_r,0, 



Nttrmuoiidc. Nllnwea NilHc-nllroiu 

licn^. inhydcldc 



[I m 

fcjir-o 



(inraiidc). 



HO-N=N-OH 
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The salts of nitric acid are called tuirates ; tho6e of nitrous acid, 
nitrites. 

NITRIC ACID. 
HNOa. 

This acid occurs in nature only in the form of salts, — ^potassiiini, 
sodium, and calcium nitrates (compare these), — which have resulted from 
the decay of nitrogenous organic substances in the presence of strong 
bases (the alkalies) and Bacillus nitrificans. It is sometimes present in 
the air as ammonium salt. The free acid is formed in very slight quan- 
tity by conducting electric sparks through moist air ; most readily with 
a mixture of 5 volumes of air and 6 volumes of oxygen, which maj 
obtain technical value if the electricity and oxygen can be prepared 
cheaply enough. At present Chile saltpeter is the principal source of 
nitric acid. 

To prepare nitric acid heat potassium or sodium nitrate in a retort with 
sulphuric acid, when the nitric acid will distil over and acid sodium or 
potassium sulphate remain : 

NaNO, + HjSO^ = HNaSO^ + HNO,. 

If one molecule of sulphuric acid be used with two molecules of the 
nitrate, the resulting acid sulphate will at higher temperatures act upon 
the second molecule of nitrate in the sense of the equation : 

NaHSO^ + NaNO, = HNO, + Na^^. 

The temperature requisite to complete the reaction is, however, so high 
that a portion of the nitric acid will be decomposed. 

Perfectly anhydrous nitric acid has not yet been obtained. The most 
concentrated acid (99.8 per cent. HNO,) is a colorless liquid of specific 
gravity 1.56 at o^ ; it fumes in the air, and at — 47^ solidifies to a crys- 
talline mass. At ordinary temperatures it undergoes a partial decomposi- 
tion (similar to sulphuric acid) into water, oxygen, and nitrogen dioxide, 
NO,, which dissolves in the acid, with a yellowish-brown color; the color- 
less acid therefore becomes colored upyon standing, and in sunlight soon 
turns yellow. At 86^ the acid commences boiling and sustains a partial 
decomposition ; the first portions are colored yellow by the dissolved 
nitrogen dioxide, but subsequently, aqueous acid distils over. Nitric 
acid is completely decomposed into nitrogen dioxide, oxygen, and wa'er, 
when its vapors are heated to about 

2HNO, = 2NO, -f H,0 -I- O. 

The acid mixes in all proportions with water. Upon distilling the 
dilute aqueous solution, only pure water passes over at first; the boiling 
temperature gradually rises, and between 120° and 121° a solution goes 
over, which contains (i% per cent, of HNO,, and has a specific gravity of 
1. 414 at 15**. This is the ordinary concentrated nitric acid of trade. 
When this is distilled with 5 parts of sulphuric acid, an almost anhydrous 
acid is obtained, which may be freed from n\lxo^"&Tid\oTA^^,c:oxi\aAxvfc^\\!k. 
//, by conducting a stream of air througW \l. 



NtTRtC ACID. 903 

The Kquid boiling at I3i°, howcrer, caut be tcgBrded u ■ ntixlure of tbe tiihydnle, 
NO(UH)» and penlallTdralc, N(OH), (pp. 193, lat). 

Nitric acid is a very powerful acid, oxidizing or dissolving almost all 
metals (gold and platinum excepted). Nearly all the metalloids, like 
iodine sulphur, phosphorus, and carbon, are converted by it into their 
corresponding acids. It acts as a very strong oxidizing agent, destroy- 
ing organic coloring substances, and decolorizes a solution of indigo very 
leulily. In so doing the nitric acid itself is deoxidized to the lower 
oxidation products of nitrogen (NO and NO,). Some substances even 
reduce the acid to ammonia. Thus, for example, if zinc be broii(;ht into 
dilute nitric acid (5-6 per cent.) the metal will be dissolved without the 
liberation of hydrogen. The latter, in statu nasceiuii, acts at once upon 
the excess of acid and reduces it to ammonia, which forms an ammonium 
salt with the acid; hence, in solution, we have ammonium nitrate in 
addition to the zinc nitrate : 

aHN<^ + Zn = Zn(NO,), + H, 
and 

2IINO, + 4H,= NH.NO, + 3H,0. 

If the aqueous nitric acid be less dilute (containing more than 10 per 
cent, of HNOJ it will be reduced by zinc and other metals, not to am- 
monia, but to the nitrogen oxides, N,0, N,0„ and N,0,. The more 
concentrated the acid, the higher will the oxides be. 

The reduction of nitric acid to ammonia by nascent hydrogen occurs 
more easily in alkaline solution. If a solution of nitrates, made alkaline 
with sodium or potassium hydroxide, be heated with zinc or aluminium 
filings or iron powder, then all the nitrogen of the nitric acid will be 
converted into a. 



HN<^ + 4H, = Nil, + 3H,0. 

Hydroxylamine (p. 130) and ammonia are produced when nitric acid 
acts on tin. 

Nitric acid usually forms salts of the form MeNO,, with one equivalent 
of the metals; thesearecallednitrates, and are all readily soluble in water. 

Rtd Fuming Nitric Acid {^Atidum nitrtcum fumans)\% the name given 
a nitric acid containing much nitrogen dioxide in solution. It is 
obtained by the distillation of two molecules of sall|)eter with one mole- 
cule of sulphuric acid (p. aoa), or better, by the distillation of com- 
mercial concentrated nitric acid with concentrated sulphuric acid. It 
generally has the specific gravity of t 5-154, and possesses greater 
oxidizing power than the colorless nitric acid. 

A mixture of i volume of nitric acid and 5 volumes of concentrated 
hydrochloric acid is known as Aqua regia, as it is able to dissolve gold 
and platinum, which neither of the acids alone is capable of doing. The 
powerful oxidizing action of the mixture is due to the presenre of free 
chlorine and the chlorine derivative NOCI, which may be considered 
tbe chloranhydride of nitrous acid : 

fiia + HN(\ = all,0 + NOCI + O^ 



204 INORGANIC CHEMISTRY. 

Nitrogen Pentoxide, N,0^, nitric anhydride, is produced by cmiefolly heatiDg pboi- 

phone anhydride with nitric acid : 

2HNO, -f P,0, = N,0, -f 2HPO, ; 
further, together with oxygen, on conducting chlorine over siWer nitrate : 

2AgO . NO, -f 2CI = NoJ>0 + 2Aga -h O. 

It forms colorless, rhombic prisms, melting at 30^ and boiling with partial decompoa- 
tion at 47**. It is very unstable, decomposing readily into nitrogen tetroxide and oxygea, 
and sometimes exploding spontaneously. It yields nitric acid with water and erolTes 
much heat by the union : 

^Q«>0 + H,0 = 2NO, . OH. 



Nitroxyl Chloride, NO,G, the chloranhydride of nitric acid, results from the nnioa 
of nitrogen dioxide with chlorine, and according to the ordinary method of forming chlor- 
anhydrides (see p. 195), by the action of phosphorus pentachloride or oxychloride upoa 
nitric acid, or better, its silver salt : 

3NO, . OAg -f POa, = 3N0,C1 + PO(OAg),. 
Silver nitrate. Silver phosphiaite. 

It is said to be a heavy, yellow liquid, boiling at -|-5^. Water immediately decomposes 
it into hydrochloric and nitric acids. However, Geuther's experiments make the exist- 
ence of this acid rather doubtful [Ann. Chem. 245 (1888), 98]. 

Nitrosyl Chloride, NOCl, is produced by the union of nitric oxide (2 volumes) with 
chlorine (i volume): 2NO -j- CI, = 2NOCI ; when phosphoric chloride, PCI5, is 
allowed to act upon liquid nitrogen tetroxide, NjO^, and by heating lead-chamber crystals 
(p. 208) with sodium chloride to 80-90® : 

The reddish -yellow vapors that escape, if cooled to —20**, condense to a red liquid of 
specific gravity 1. 416 at — 12°, and boils at -{-2°. It forms nitrous and hydrochloric 
acids with water : 

NOa -f H,0 = HNO, 4- HQ. 

It may, therefore be regarded as the chloranhydride of nitrous acid — NO . OH. 

O^ Ov, 

Nitramide, NO, . NH, = "^N - NH, or "^N = NH, the amide of nitric add, 

QK HO^ 

was discovered byThiele and Lachmann on decomposing potassium nitrocarbaminate (see 
(Organic Chemistry) with sulphuric acid. It is also produced upon adding nitric add to a 
solution of potassium imidosulphonate (p. 196) in concentrated sulphuric acid : 

NH(SO,H), + NO,. OH = NO,. NH, -f H,S,0,. 

Nitramide crystallizes from ligrolne, in which it dissolves with difficulty, in brilliant white 
plates. It dissolves readily in ether, alcohol and water. It melts at about 73° with inome- 
diate decomposition into nitrous oxide and water : 

NO,.NH, = N,0 4- H,0. 

It volatilizes partly at the ordinary temperalure. ll \s es^pecvaJ^i ?«nsv>iN<t Vck ^;i^MXv»^ va. 
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coBlact widi M^Unin Indmide il explode* irilh lire phenmnen*. Its aqueoui lolutioD 
icacb ilioagiy acid. It alio jrield* a readily decompoUble mcrcuiy lalt : 

NO^NHg. 

When DiUamide ii reduced hydraiine reialli : 

NO,NH, + jH, = NH, . Nil, + iH,0. 



Nitrogen Trioxide, N,0„ nitrous anhydride, is formed by the 
direct union of nitrogic oxide (4 volumes) with oxygen (i volume) at 
— iS": 

4NO + O, = aN,0,i 

4Vd1i. I vol. avail. 

by mixing liquid nitrogen tetroxide, N,0,, with a little cold water : 

' NO }0 + *^° = Ko}° + "NO,.0Hi 

by the introduction of nitric oxide into liquid nitrogen tetroxide 
below —21": 

N,0, + aNO s= aN,0, ; 

and by conducting nitric oxide into cold anhydrous nitric acid : 
»HNO, + 4NO = 3N,0, + H,0. 

It is most easily obtained by the action of nitric acid upon arsenious 
oxide, As,0,. Nitrogen tetroxide is simultaneously produced, from which 
it is readily separated by fractional distillation and condensation. 

Nitrogen trioxide condenses at — 31° to a dark-blue liquid of specific 
gravity 1.449 *' °''i *nd begins to boil at 3-5"- It decomposes when 
distilled; its vapors consist of a mixture of the tetroxide and nitric 
oxide (N,0, + iNO) and at more elevated tern i>e rat u res of nitrogen di- 
oxide and nitric oxide (iNO, + aNO). Upon cooling they reunite to 
the liquid nitrous anhydride. The latter is therefore only known in the 
liquid condition. Its dissociation begins at — 31° [Geulher, Ann. 
Chem. 345 (1888), 06; see also Lunge and Porschnew, Z. f. anorg. 
Chem. 7 (1894), 209]. 

The trioxide mixed with a little cold water probably forms nitrous 
acid (N,0, -f- H,0 = aHNO,) ; more water, aided by heat, decomposes 
it into nitric acid and nitric oxide gas : 

3HNO, = HNO, + 3NO + H,0. 

Nitrous Acid, HNO„ is not known in a free state. Its salts (the 
nitriUs) are obtained by igniting the nitrates: 
KNOi = KNO, + O. 
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The withdrawal of oxygen is rendered easier if oxidizable metak, e.g., 
lead, be added to the fusion (see Potassium and Sodium Nitrite). Traces 
of nitrites are found in the air and in many waters. 

On adding sulphuric acid to the nitrites, brown vapors are disengaged; 
these consist of nitrogen dioxide and nitric oxide. It may be that the 
nitrous acid, at first liberated, is broken down into water and the trioxide, 
which, as we have seen above, gradually decomposes into nitrogen dioxide, 
NO,, and nitric oxide, NO. Similar reddish-brown vapors are obtained 
if nitric acid be permitted to act upon starch or arsenious oxide (As,0,). 

According to Lunge, if we employ nitric acid of specific gravity 1.30-1.35, nitrogen 
trioxide is produced almost exclusively, whereas in using the concentrated add (1.4-I.5) 
we get a mixture rich in dioxide, and if the add be dilute the chief product is nitric 
oxide, NO, with a little nitrogen dioxide, NO,. 

The nitrous acid which has separated out in the solution and its decom- 
position products — NO, and NO — are strong oxidizers, setting iodine 
free from the soluble iodides. In other cases, however, they exhibit a 
reducing action ; thus, e. g., the acidified red solution of potassium per- 
manganate is decolorized by the addition of nitrites, and nitrous becomes 
nitric acid. In very dilute aqueous solution, the action proceeds ac- 
cording to the following equation : 

5HNO, -f 2KMn04 -f- sHjSO^ = SHNO, -|- K,SO^ -f aMnSO^ -f 3H,0. 

This reaction serves for the quantitative determination of free nitrous 
acid, as well as for its salts (p. 208). 



Nitrogen Tetroxide, N,0^, or nitrogen dioxidcy NO, (formerly called 
hyponitric acid)^ only exists at low temperatures; when heated, it suffers 
a gradual decomposition into the simpler molecules NO, which recom- 
bine to N,0^ upon cooling. We here meet the interesting case of disso- 
ciation, occurring even at the ordinary temperature. The tetroxide, 
N,0^, is colorless, while the dioxide, NO,, is colored red-brown ; it appears, 
therefore, that the color gradually becomes darker as the temperature 
rises, and that it corresponds to the increasing dissociation of the com- 
plex molecules N,0^. The same was observed with sulphur tetrachloride 
(p. no) and nitrogen trioxide (p. 205). 

At ordinary temperatures, nitrogen tetroxide is a liquid of specific 
gravity 1.49. When cooled to — 20° it solidifies to a colorless crystal- 
line mass, melting at — 12°. In consequence of the dissociation which 
begins at 0°, the liquid, at first colorless, becomes yellow, and the in- 
tensity in color grows with rising temperature. The liquid begins to 
boil at about 22°, and is converted into a yellowish-brown vapor which 
becomes dark as the temperature is increased. 

The theoretical vapor density of nitrogen tetroxide, N^O^ equals 92.08, while that of 
the dioxide, NO,, equals 46.04. The experimental vapor density has been found to equal 
76 at the point at which the liquid compound boils (26°) ; it may be calculated from this 
that, at this temperature, 34.4 per cent, of the leVroidde tcvoXecMW «:c^ ^«sxycK!^«s«A vc^a 
dioxide molecules. Hence we conclude ihal 0:\e d\ssoc\aXioiv ol VN\^ coas^wA^^ ^<:ssav- 



HITROGBH TBTROXIDK. 307 

; this isconiinned b^ the yellow coloiation appearing at 0°. 
With linng temperature the dcnailr of the vapoi Ueadily diminiiihes, becomes constant 
fisallj U ISO* rikI equals 46. Then alt the molecules (N,0,) ate decomposed into tlie 
■mpler molecule* NO, ; and the dark coloration of the vapors allains its niajiiinum. 

Nitrogen tetroxide is produced by conducting electric sparks through 
a mixture of dry nitrc^en and oxygen ; it is also formed by the union of 
two volumes of nitric oxide with one volume of oxygen : 
3NO + O, = N,0,. 

1 voll. 1 vol. I vot. 

We can get it more conveniently by heating dry lead nitrate, which 
decomposes according to the following equation : 
Fb(NO,), = PbO + O + aNO^ 

The escaping dioxide condenses in the cooled receiver to liquid 
tetroxide, tifi,. 

Nitrogen tetroxide varies in its behavior with water, according to the 
temperature of the latter. We saw that by the action of a little cold 
water, it was decomposed into nitrogen trioxide and nitric acid (i>. 205). 
With an excess of cold water, and also with an aqueous solution of alkalies, 
it yields nitric and nitrous acids, that is, their salts: 

JJ^'>0+ H,0 = NO,.OH + NO.OH. 

Both reactions plainly indicate that the liquid tetroxide represents the 
wiixeit aithyifruie oi aWric and nitrous actds (p. loi); similarly, the com- 
pound Cl,0, constitutes the mixed anhydride of chloric and chlorous 
scids (p. 117). Warm water converts the tetroxide into nitric acid and 
nitric oxide — because under these conditions the nitrous acid decom- 
poses into nitric acid and nitric oxide (see p. 305). The dioxide behaves 
■imilarly : 

3NO, + H,0 = aHNO, + NO. 

The tetroxide and dioxide possess strong oxidizing properties ; many 
substances bum in their vapors; iodine is set free from the soluble 
metallic iodides by them. 

Many melali, just after the reduction of their oiides in hydrogen, absorb large quanti- 
ties of nitrofien dioxide at lower tcmpcntures, t. g., copper takes up looo limes its 
volume. " NitTO- metals" are produced in this way. " Nitro- copper," Cu,NO,, is an 
amorphous rabitance, which ii decomposed by water into nitric oiide, co]>[)*r, copper 
nitrite and ailrale [Ber. aS (1893], 1v, 361]. 

Nitrosylsulphuric Acid, SO,NH = SO,<oii"°. termed nitrosul- 
phomc add, is an intermediate product in the manufacture of commercial 
sulphuric acid (see p. 190), and is quite important for the determina- 
tion of the nitrogen oxides. It is produced by conducting nitrogen 
tetroxide into concentrated sulphuric acid : 
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Nitrogen monoxide, NO, is not absorbed by pure sulphuric acid, but 
will be if the same contains nitric acid : 

SHjSO^ -f- HNO, -f- 2NO = 3^0^<oi^^ + 2Hfi. 

Therefore it results upon conducting nitrous acid vapors into concentrated 
sulphuric acid : 

*SO,<oH + NO, -f- NO = 2SO,<g^N^ -f H,0. 

Further, the nitrosylsulphuric acid results from the combined action of 
sulphur dioxide, nitrogen tetroxide, oxygen, and a little water: 

2SO, + NA + O -f H,0 = 2S0,<gH^^. 

It is obtained most readily by conducting sulphur dioxide into strongly 
cooled anhydrous nitric acid : 

SO, + HNO, = SO,<g„N^; 

there results a thick magma, which may be dried upon porous earthen 
plates under the desiccator. 

Nitrosylsulphuric acid forms a leafy or granular crystalline, white 
mass (lead-chamber crystals, p. 191), which melts at about 73^ and decom- 
poses into its anhydride, sulphuric acid, and nitrogen oxides. It deli- 
quesces in moist air, and yields sulphuric and nitrous acids with water : 

S^«<OH^^ + "t^ = SO,<g|J + NO. OH ; 

the nitrous acid decomposes further into nitric acid and nitric oxide 
(P- 205). 

Nitrosylsulphuric acid dissolves in concentrated sulphuric acid without any change ; 
the solution, called nitroso-acid, is also produced in the sulphuric acid manufacture in 
the Gay-I^ssac tower (p. 190), is very stable and may be distilled without decomposi- 
tion. When diluted with water it remains unaltered at first, but when the specific 
gravity of the solution reaches 1.55-I.50 (51-48° Bi.), then all the nitrogen oxides escape, 
especially on warming. When the nitroso-acid is poured into a large quantity of water, 
the nitrososulphuric acid breaks down into sulphuric and nitrous acids, and the latter in 
part into nitric acid and nitric oxide. 

All the nitrogen oxides and acids are separated as nitric oxide (NO) on shaking the 
nitroso-acid with mercury — a procedure serving equally well for estimating the amount 
of nitroso-acid by means of the nitrometer. Sulphur dioxide acts similarly and upon 
this depends the denitrating action of the Glover tower (see pp. 189, 190). 

The anhydride of nitrosylsulphuric acid, S^N,0, = O < Qr\ ' q ' "p^Q, is produced upon 

heating the acid (together with sulphuric acid, nitric oxide, and nitrogen dioxide) beyond 
its point of fusion. It is obtained pure by saturating sulphur trioxide with nitric oxide : 

3SO, -f- 2NO = 0(SO,.O.NO), -f SO,. 

It is a crystalline, colorless mass, melting at 217°, and boiling without decomposition at 
about j6o®. Much water decomposes il, the same as mVios.'^XsNjLV^vkxvc «kc\du 
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IherJUfranA^riAoIniXimjUuiphia'KiKid, SNO.Cl — SO,<^. 
mtoo of sulphur Irioiide with uilrosyl chloride : 

SO, + NOCI = SO,CI(0 . NO). 



Nitric Oxide, NO. When different meuls are dissolved in some- 
what dilute nitric acid this oxide is formed. It is conveniently ob- 
tained by pouring dilute nitric acid (s[ieci(ic gravity 1.3) upon copper 
filings : 

jCu + 8HN0, = 3Cu{N0,), + 4H,0 + iNO. 

A better procedure consists in pouring a saturated solution of salt- 
peter upon thin co])[)er turnings and then gradually introducing concen- 
trated sulphuric acid, or a concentrated sodinin nitriie solution is 
allowed to flow gradually into a hydrochloric acid solution of ferrous 
chloride or sulphate : 

FcCI, -I- N.NO, -I- iHQ = FeCI, -|- N«a + H,0 + NO. 

The evolution begins in the cold [see Thiele, Ann. Chem. (1889) 353, 
346]. 

A constant stream of very pure nitric oxide may be obtained by pour- 
ing concentrated sulphuric acid, containing about 3 per cent, of sodium 
nitrite [Emich, Monatsh. f. Chem. (189a), xiii, 73], upon mercury. 
Also by mixing a nitrite solution with one of giotassiuui ferrocyanidc and 
acetic acid [Deventer, Ber. 26 (1893), 1, 589]. 

A colorless gas escapes, which, however, immediately forms brown 
vapors when it comes in contact with the air, as it unites with the oxygen 
of the latter to form nitrogen dioxide. Therefore, all the air must be 
expelled from the generating vessel by nitric oxide, and the gas collected 
over water after the interior of the apparatus has become colorless. 

Nitric oxide is a colorless gas. Under normal conditions one liter of it 
weighs 1.3436 grams; its gas density also remains unchanged at — 100° 
(in com[)arison with air of the same temperature, V. Meyer). It is con- 
densed with difliculty. Its critical temjwrature is — g^", and its crincal 
pressure 71 atmospheres (p. 48). Liquid nitric oxide is colorless. It 
boils at — 153'6'' and solidifies at — 167° to a white mass. It is slightly 
soluble in water, but dissolves very readily in an aqueous solution of fer- 
rous salts, imparting a dark-brown color to ihe liquid ; heat expels it 
from the same. 

Nitric oiidc is readily soluble in niliic acid. As its solution becomes more concen- 
trated, it usumM a. brown, yellow, green or blue color, Oi njtn^n triuxidc is formed 
finally with anhydrous nitric add : 

aHNO, -1- 4NO ^ 3N,0, + H,0. 

Fotassimn permanganate oxidiies it, like nitrous acid (p. zo6), lo nilric ncid ; 
loNO + SKMoO, + pHjSO, = loHNO, + 3K,=0^ Jr WIL'ifiS)^ -V «.'*''4^- 
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As nitric acid contains 53.3 per cent, of oxygen, it is capable of sustain- 
ing the combustion of some substances, but only those in whose com- 
bustion enough heat is liberated to effect the breaking down of nitric 
oxide into nitrogen and oxygen. Hence, phosphorus continues to bum 
in this gas, while a sulphur flame, developing only a slight heat, is ex- 
tinguished; ignited charcoal does the same, while a splinter, burning 
energetically, will continue to do so, when introduced into the gas. 
On shaking a cylinder filled with nitric oxide with a few drops of readily 
volatile carbon bisulphide, and bringing a flame to the mouth of the 
vessel, the carbon bisulphide vapors will quietly burn in the gas, giving 
a bright, luminous flame, emitting strong actinic rays ; in this combustion, 
the carbon and sulphur of the carbon bisulphide unite with the oxygen 
of the nitric oxide and form carbon dioxide and sulphur dioxide. 

Nitric oxide is a strongly endothermic compouDd (see p. 212), and b consequeotly 
explosive (p. 30). 

On determining the quantity of heat disengaged in the combustion of phosphorus, car- 
bon or other substances in this gas, it will be discovered that the same is greater (about 
21.5 Cal.) than that which is developed by the combustion of these bodies in oxygen. 
This can only be explained upon the theory that less heat is necessary for the separation 
of NO into N and O than for the separation of the molecules of combined oxygen atoms 
— an additional proof that the molecules of free oxygen (as of other elements) consist of 
atoms. 

With oxygen or air, nitric oxide at once forms brown vapors of nitro- 
gen dioxide : 

2NO -f O, = 2NOy 

2 vols. I vol. 2 vols. 

With less oxygen, nitrogen trioxide is produced (p. 205). Nitric oxide 
also combines with chlorine to nitrosyl chloride, NOCl (p. 204), and with 
bromine it yields nitrosyl bromide, NOBr. At a red heat nitric oxide 
becomes nitrogen dioxide and nitrogen. With hydrogen and moderate 
heat it forms water and nitrogen : 

NO + H, = N -f H,0 ; 

a mixture of both gases burns with a greenish-white flame. On conduct- 
ing a mixture of nitric oxide and hydrogen over platinum sponge, water 
and ammonia are produced : 

2NO -f- 5H, = 2NH, -f- 2H,0. 

The volumetric analysis of nitric oxide gas may be easily executed as 
follows: Fill a bent glass tube over mercury with the gas; introduce 
into the same a piece of sodium and heat the latter with a lamp. The 
sodium combines with the oxygen, and free nitrogen separates; the 
volume of the latter always equals half the volume of the nitric oxide 
gas employed ; this follows from the formula NO : 

2NO = N, -f Oj. 

2 vols. I vol. I vol. 

In nitrogen dioxide nitrogen appears to be quadrivalent, in nitric oxide bivalent, while 
usually it is trivalent or quinquivalent. Attention has already been called to the similarity 
of nitrogen dioxide and chlorine dioxide, ClOj i^p. 207). 
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Nitrous Oxide, N,0, is formed when zinc or tin acts upon dilute 
nitric acid of specific gravity i.i. It may be best obtained by heating 
ammonium nitrate, which at about 170^ breaks down directly into water 
and nitrous oxide: 

NH4NO, = N,0 -f- 2H,0. 

It b very probable that nitraxnide, NO, . NH„ is produced transitionally, but it immedi- 
ately decomposes into water and nitrous oxide (p. 204). The decomposition is very 
energetic at about 240^ and is frequently accompanied with explosion. It is advisable 
to use a well-dried mixture of equivalent quantities of sodium nitrate and ammonium sul- 
phate. The reaction will then proceed quietly, beginning at 230®, and no explosion will 
occur (Smith). 

The formation of the oxide from hydroxylamine nitrite (the isomeride of ammonium 
nitrate) is interesting. The decomposition takes place in aqueous solution and proceeds 
according to the equation : 

NO, . NHjOH = N,0 -h 2H,0. 

Nitrous oxide is a colorless gas, of sweetish taste and slight odor. Its 
density corresponds to the molecular formula N,0 = 44.08. One liter 
weighs under normal conditions 1.9706 grams. In cold water it is toler- 
ably soluble (i volume of water dissolves at o^ 1-305 volumes of nitrous 
oxide) ; therefore it must be collected over warm water or mercury. By 
pressure and cold it condenses to a colorless liquid of specific gravity 
o.g37 and boils under the ordinary pressure at — 89.8®. By rapid evapo- 
ration, liquid nitrous oxide solidifies to a crystalline mass which remelts 
at — 102.3*. If the aqueous nitrous oxide be evaporated over an air- 
pump its temperature falls to — 140°. Its critical temperature is +38-8° ; 
critical pressure, 775 atmospheres (p. 48). 

Although this oxide contains less oxygen than nitric oxide, it supports 
the combustion of many bodies more readily than the latter, l)ecause it is 
more easily decomposed into oxygen and nitrogen. A glimmering chip 
inflames in it, as in oxygen ; phosphorus burns in it with a bright, luminous 
flame, while a sulphur flame liberating very little heat is extinguished. A 
mixture of equal volumes of nitrous oxide and hydrogen explodes like 
detonating gas, only less violently : 

N,0 -f H, = N, -f H,0. 

I vol. I vol. I vol. I vol. 

It resembles oxygen very much, but can be distinguished from it by 
not producing brown vapors with nitric oxide, as does the former. It 
is not capable of combining with oxygen. When it is conducted 
through a red-hot tube it is decomposed into nitrogen and oxygen. It 
has an exhilarating effect when inhaled in slight quantity, and is, there- 
fore, termed laughing gas. 

Its volume composition may be determined in the same manner as 
with nitric oxide, viz., by heating a definite volume of the gas with 
potassium. Then we learn that from one volume of nitrous oxide an 
equal volume of nitrogen will be separated-^correspondingto the molec- 
ular formula : 

N,0 + K, = N, -f K,0. 
X vol. I vo\. 
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Hyponitrous Acid, H|N,0, = HO-N=rN-OH. In the list of reduction prodncts 
of nitric acid extending as tar down as ammonia : 

. HNO„ HNO^ (HNO)„ NH,OH, NH„ 

this acid occupies a position between nitrous acid and hydroxylamine. According, it 
can be obtain^ — 

(l ) by the reduction of nitric and nitrous acids ; 

!2) by the oxidation of hydroxylamine ; and 
3) by the union of nitrous acid and hydroxylamine with the exit of water. 

The reduction of the salts of nitric or nitrous acids may be effected by sodium amal- 
gam or by electrolysis ; the oxidation of hydroxylamine in aqueous solution by various 
metallic oxides, but especially by mercuric oxide: 2NH,OH -|- 2HgO = HON= 
NOH -f- 2H,0 f- 2Hg. To obtain, hyponitrous acid according to (3) allow sodium 
nitrite and hydroxylamine sulphate to interact, when sodium sulphate and hydroxylamine 
nitrite will result: 2NaNO, -f SO^(NH^O), = Na^SO^ + 2NO,. NH^O, which for the 
most part breaks down into water and nitrous oxide (p. 212), but in small amount to 
water and hyponitrous acid: HONH, -f ON. OH = HON=NOH + H,0. Divers 
claims that good yields of potassium hyponitrite can be obtained by boiling potassium 
hydroxylamine sulphonate (p. 197) with caustic potash : 2NH(OH)SO,K -f 4KOH = 
K^NjO, -f 2K,SO, -(- 4HyO. Upon neutralizing the hyponitrite solution, obtained by 
one or the other method, with acetic acid and adding silver nitrate the silver salt A&N,0, 
separates as a bright yellow, amorphous powder, which slowly decomposes at 100^, but at 
1 10^ with violent explosion. Concentrated sulphuric acid liberates nitrous oxide from it 

The acid may be obtained in ethereal solution by adding gradually an excess of its 
silver salt to a solution of dry hydrogen chloride in anhydrous ether. After evaporating 
the ethereal solution in a vacuum, free hyponitrous acid remains in crystalline leaflets. It 
ex{dodes readily — with flame — on coming in contact with solid caustic potash ; deliquesces 
in the air, is very soluble in alcohol, and soluble in benzene and in chloroform. It is 
more stable in aqueous solution than in the solid condition, but even then readily decom- 
poses into nitrous oxide and water : H,N,0, = N,0 -f- H,0. It therefore bears the 
same relation to nitrous oxide as nitric acid to nitrogen pentoxide, and nitrous acid to 
nitrogen trioxide ; however, nitrous oxide does not take up water and it, therefore, does 
not behave like the true anhydride of hyponitrous acid. Upon neutralizing its aqueous 
solution with caustic soda the acid salt NaHN,0, is produced, which quickly breaks 
down into caustic soda and nitrous oxide : NaHNjO, = N,0 -|- NaOH. The freshly 
prepared solution of the acid liberates iodine from potassium iodide after it has stood for 
some time ; this is because it decomposes very slowly and only to a slight degree into 
nitrous acid and ammonia: 3H,N20, = 2N,0, -j- 2NH,. It decolorizes potassium 
permanganate and becomes nitric acid. 

The molecular magnitude of the acid was established by the determination of the vapor 
density of its ethyl ester, N,0,(CjH5),, by 2k)m, and from the molecular weight of the 
benzyl ester, N|0,(CfHf),, by Hantszch and Kaufraann. 

Hyponitrous acid is isomeric with nitramide (p. 204). 

Compare the investigations of Hantzsch and his co-workers : Ann. Chem. 292 (1896), 
317 ; 299 (1898), 94 ; Divers idt't/. 295 (1897), 366 ; also Kirschner, Z. f. anorg. Chem. 
x6 (1898), 424. 



The thernM-chemictU relations of the oxygen derivatives of nitrogen give some clue 
to their chemical deportment. All nitrogen oxides are endothermic compounds, f. ^., 
they are produced from their elements with heat absorption corresponding to the symbols : 

(N„ O) = —17.5 (N, O) = —21.6 (N, O,) = —8. 

From this we observe that the oxides of nitrogen cannot be prepared from the elements 
without addition of energy. Proceeding from nitric oxide (NO), we see from the 
above numbers that the formation of the higher oxides from it occurs with heat disen- 
gagement : 

(2N0, 0) = 20.1 (NO, O) = 13.4 (,2^0^,0^^ = ^b.v 



OXYGEN COUPOUNDS OF PHOSPHOR 

wlKreu b«al i« •bsorbed in the conveision of nitrous into nil 
— 25.4. (Sec J. 'riMimaeu's Thermochemische Untenuchungei 
Heat disengagement, on the coatrary, uxiui in (he product 
elemcDis : 

(N,<VH-liqiiid) = 41.6 (N,O^H,Aq) ^ 
This explaiai tlie leUtive itabililj of thai acid. 



\ 



Compoanda of HftragM) with Sulphur.— Two such bodiei arc knowA^ mi/itgtm 
uilphidf, N,S,, coiTeipoDdiug in composition lo a quadrupled nitric oaide, and tatrogim 
ffitlaiulpladt, corresponding lo nitric anhydiide, N,0,. 

Nitroxm sulpkidt, N,S,, is produced when dry omrooniB, in beniene solution, acts 
upon ailphni dichloride 1 

4NH, + 6sa, = N,s, + una + s. 

It consists of oiange-red needles, meltine at 178°. It detonates at higher lemperaturei 
ot when stnick. Its molecular weight ha* been drtcrtnined by methods which will be 
described under Solutions. 

Afitregtn fitntaiulpMide, N.S^, is fonned by a complicated reaction occnrring on heat- 
ing nitrogen sulphide with canion bisulphide to 100° in a sealed tube. It is a deep red 
liquid, transpareni in ihjn layers with a blood-red color. It is very mobile, not moisten' 
ing glass and its specific gravity at 18° equals 1.90, It solidifies by cold to a mass resem- 
bling iodine and melts at 10". lis odor is like Ihat of iodine and is at Ihe same lime 
sweet. Nitrogen pentaiulphide is not soluble in water, but in organic solvents. Its solu- 
tions are more stable than the pure pentasulphide, « hich easily decomposes into its ele- 
nients. Boiling water, alkalies and hydrogen sulphide decompose the penlasiilphide 
very readily wim Ihe production of ammonia and ihe sepaiRlioit of Sulphur. [Se« Z. t 
anorg. Chem. 13 (1S97), aoo,] 






P,0, H,PO.. 

Phospbonu Orthophospliorlc 

Oxides containing less oxygen, e. g., the tetroxide P,0, and the oxide 
P,0, are not definitely known. 

The following anhydride adds are derived from orthophosphoric acid: 



Orthophosphoric acid also yields an anhydride acid with phosphorous 
acid: hypophoephoric acid, H,?,0,. 

The structure of. these corajxtunds is expressed by the following 
formulas : 

V III y^" V r\\x V /OH 

H,PO-OH P^H.^„po<g!! PO^H 

Hypofitamtiomn Phon>hoTOia VViOBJM:*^ 

acid. add. »ii4. 
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Hypoi>' 

of nitrifzypophosphorous acid two at ms of hydrogen are in direct union 
^quinquivalent phosphorus, while the third hydrogen atom forms an 
y droxyl group with oxygen. It is only this last atom of hydrogen which 
fs readily replaced by the action of bases ; hence hypophosphorous acid 
is a monobasic acid. Phosphorous acid (like sulphurous and arsenious 
acids) appears in two forms in its derivatives (pp. i86, 321). It is very 
probable that in its salts it has one atom of hydrogen and two hydroxyl 
groups joined to phosphorus; consequently it is a dibasic acid.- [See 
Michaelisand Becker, Ber. 30(1897), 1003.] Finally, three series of salts 
and three hydroxyls are assumed to be present in phosphoric acid. By 
the elimination of one molecule of water from phosphoric acid, meta- 
phosphoric acid results — an anhydride which, at the same time, is a 
monobasic acid, as it contains one hydroxyl group : 

V 

PO,"OH, Metaphosphoric acid. 

On removing one molecule of water from two molecules of phosphoric 
acid, pyro- or diphosphoric acid is formed (see p. 193): 

V /OH Qjj 

^"^^2 PoA)H 

^S \OH. 

2 molecales Phosphoric acid. i molecule Pyrx^pliCMphoric add. 

Pyrophosphoric acid contains four hydroxyl groups, hence is tetra- 
basic. Similarly, hypophosphoric acid results from one molecule each 
of phosphoric acid and phosphorous acid, P(OH),. 

Ffnally, if from two molecules of phosphoric acid all the hydrogen atoms 
be removed, in the form of water, an anhydride remains : 

V V 

0,P-0-PO,. 

Phosphoric anhydride. 

The salts of phosphoric acid are termed phosphcUes ; those of phos- 
phorous acid, phosphiteSf and of hypophosphorous acid, hypophosphites. 




Hypophosphorous Acid, H,PO,. Hydrogen phosphide escapes 
when a concentrated solution of sodium or barium hydroxide is warmed 
with yellow phosphorus, leaving behind in solution a salt of hypophos- 
phorous acid : 

I 4P + 3NaOH -f 3H,0 = 3H,PO . ONa + PH, rwl^^-oA^ ilM* . ^3^ 
I 8P + 3lia(OH), + 3H,0 = 3(H|PO . 0),Ba + 2PH,. ' 



The free acid may be separated from the barium salt by means of sul- 
phuric acid; the insoluble barium sulphate being filtered o6[ Cto\xv iVv^ 
aqueous solution of the acid, and the latter concenXiaXtd mtw^^ \)tv^ ^x- 
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pump. Hypophosphorous acid is a colorless thick liquid, with a strong 
acid reaction . .Below o" it someiimes solidifitjs to lar^e. white leafleis. 
which melt at +17.4°. (Heat converts it, with much foaming, into 
hydrogeo phosphide and phosphoric acid 1 

aH,PO, = PH, + HjPOjT) 

It absorbs oxygen readily, becoming phosphoric acid , hence acts as a 
powertul reducing agent. It reduces sulphuric acid to sulphur dioxide, 
and even to sulphur. It precipitates many of the metals from their solu- 
tions ; from copper sulphate it separates the hydride Cu,H,. 

The acid is monobasic, H.PO.OH (see p. 114). I ts salts dissolve 
readily in water, and absorb oxygen from the air, thus V mniin); phns- 
pTiategr Wlien heaief] m a dry condition, they set free phosphine and 
hydrogen and are converted into pyro- and metaphosphates ; some also 
yield metallic phosphides. Nascent hydrogen reduces hypophos|)horous 
acid to phosphine. 



Phosphorous Acid, H,PO„ is formed at the same time with pho&> 
phoricacid and hypophosphoric acid in the slow oxidation of ])hosphorus 
in moist air. The decomposition of phosphorus trichloride by water gives 
it more conveniently: 

PCI, + 3H,0 = H,PO, + 3Ha. 

By evaporating this solution under the air-pump the phosphorous acid 
becomes crystalline. T he crystals are readily soluble in wate r, and 
d eliquesce intheair^ It melts at 70*^, and decomposes on lurther heating 
fnto pnosphine and phosphoric acid : 

4lI,PO, = pn, + 3H,P0,. 

In the air the acid absorbs oxygen, and changes to phosphoric acid. 
Hence, it is a strong reducing agent, and precipitates the free metals 
from many of their solutions. In the presence of water the halogens 
oxidize it to phosphoric acid. 

It is a dibasic acid , forming two series of salts, in which one or two 
atoms* of hydrogen are replaced by metals. The phos])hites do not oxi- 
dize in the air, except under the influence of strong oxidizing agents. 
When heated, they generally decompose into hydrogen, pyroplios]ihaIes 
and phosphide. Nascent hydrogen also reduces phosphorous acid to phos- 
phine — a circumstance of importance in the detection of phosphorus- 
poisoning. 



■Tbererore, the stmclural fonnula. MPO(()M), is assigned to Ms acid. There 
tppetrs to exist amither phosfihorous acid, at least \n coiavcund^, to vtucK liie tonao^ 
P(OH), beloagt (pp. 113, 216). 
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produced on conducting dry air over gently heated phosphorus, or by cmiefully headng 
phosphorous acid with phosphorus trichloride : 

2H,PO, -f 2PCI, = P^O, + 6Ha, 

(t is a white, flocculent mass or it consists of colorless needle^ It melts at 22.5^, sub- 
limes readily and boils in an atmosphere of nitrogen at 173°. Its vapor density cone- 
sponds to the formula P^O^. At 400° it breaks down into phosphorus and phosphorus 
tetroxide, Ffi^, which crystallizes. It is decomposed by water in a very oooiplicated 
manner. 



Phosphoric Acid, H^PO^, or Orthophosphoric acid^ is produced when 
the pentoxide is dissolved in hot water, and by the decomposition of 
phosphorus pentachlorideorpbosphonis oxy chloride (FOCI,) by water (see 
p. 219). It may be obtained by decomposing bone ash, Ca,(PO^)^ with 
sulphuric acid, or better, by oxidizing yellow phosphorus with nitric acid. 
The aqueous solution is evaporated to dryness in a platinum dish. The 
anhydrous acid consists of colorless, hard, prismatic crystals, which in 
the air deliquesce to a thick, acid liquid. 

t? \^ hosphoric acid is tri basic, forming three series of salts, called /nVntfry 
(HH[,P0J, secondaty (K^HPO^), and tertiary (K,POJ. They may be 
spoken of according to the number of hydrogen atoms replaced by metals, 
as, e, ;f., monopotassium phosphate (KH,PO^), dipotasstnm phosphate 
(KjHPOJ, and tripotassium phosphate (IC^POJ. (^The salts of the first 
two series contain hydrogen, replaceable by metals, hence may be termed 
acid, while the salts of the third series are neutral?) Their behavior with 
litmus does not harmonize with this view (see Sodium Phosphate). 

The tertiary phosphates, excepting the salts of the alkalies, are insolu- 
ble in water. QiVith a silver nitrate (AgNO,) solution, soluble phosphates 
give a yellow precipitate of silver phosphatCy Ag,PO^ 

Pyrophosphoric Acid, H^P,0^ (structure, p. 214), is formed bv 
the continuous heating of orthophosphoric acid to 26Q**f until a portion 
of it dissolved in ammonium hydroxide does not yield a yellow but a pmre 
wh ite precipitate with silver nitrate. The sodium salt is easily obtained 
by heating disodium phosphate : 

Other salts are similarly formed by heating the corresponding ortho- 
phosphates. 

I The acid presents a white crystalline appearance, and is readily soluble 
in water. When in solution, it slowly takes up water at ordinary tem- 
peratures, more rapidly when heated, and, like all true anhydrides, passes 
Snto the corresponding acid — orthophosphoric acid. 

Pyrophosphoric acid is tetrabasic. (^Its salts are very stable, and are 
not altered by boiling with wate^ warmed with dilute acids, they become 
salts of the ortho-acid. The soluble salts yield a white precipitate of silver 
pyrophosphate, Ag^P,0,, with silver nitrate. 

H3rpopho8phoric Acid, H^PjO^. "While pyrophosphoric acid is an anhydride add 
of phosphoric acid, the so-called hyi)ophosphoric may be v\e"we^ «kS a. \ssmlc4 «x^^^xv^^ 
of phosphoric and symmetrical phosphorous adds. 



> 

> 
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PCKOH), 
PO(OH), HO - Vt 

PCdHI, - H,0 - ^ 

P(OHV 

It U produced, as dcmoailretcd hj Saliei in 1S77, together with pbosphonxu and phos- 
pbotic acidi, by the ilow oudatioo of moist phosphonis in Ihe air. ll is separaleil from 
ihne mcids by means of its difficultlj soluble sodiuni salt, Na,Il,P,0, + 6H,() ; by pre- 
cipitating the solution of (he tatter with s soluble lead salt wc get insuluble lend hypo- 
photphatc, Pb,P,Oc Its a\rci lalt is aioie easily obtained by oxidizing phosphorus in 
Ihe presence of tSvtt nitiatc. The free add sepataled rrom (he lead ot silver salt by 
hydrogen sulphide is rather stable In a dilute solution, and below 30" may be concen- 
Iraled to a synip, Al higher temperatures, more readily in Ihe presence of hydrochloric 
or sulphuric acid, the acid decomposes into phosphoric and phosphorous acids. It dors 
not reduce DWtallk salts, but is oiidiwd by potassium permanganate to phosphoric acid. 
[Salzer, Ann. Chem. iii (1S93), i. See Z. f. anoij. Chem. B (1894), 131, for a con- 
venient method for its production.] 

Hetaphosphoric Acid, HPO, or PO, . OH, results upon heating the 
ortho- or pyro-acid to 300°. It can be more conveniently obtained by 
dissolving phosphorus pentoxide in cold water : 

P,0, + H,0 = aHPO^ 

It is a vitreou s, tr ansparent mas s ( AdiJum phosphorUum ^laciale ), which 
(L generally contains less hydrogen than is required by the formula HI'O,. 
y This probably is because some anhydride is present in it. It melts when 
J heated and volatilizes at higher temperatures, without suffering any 
1 change. It deliquesces in the ai r, and dissolves with ease in wate r. 
. (Commercial glacial phosphoric acid contains sodium and magnesium. 
[ phosphate, and dissolves with difficulty in water.) Qhe solution coagu- -^_ 
, lates altnimin ; this is a characteristic method of distinguishing metal ^^> 
I from ortho- and pyrophosphoric acid|^ In aqueous solution, meiaphos-) 
' phoric acid changes, gradually at ordmary temperature, rapidly by boil- 
ing, into orthophotpboric acid : 

HPO, + H,0 = H,PO(. 

It is a monobasic acid. Its salts, the metaphosphates, are readily 
obtained by th e ignition of the primary salts of the ortho-acid ; 

N>n,POj = NaPO, + H,0. 

When the aqueoussolutions of these salts arc boiled, they are converted 
into the primary salts of ortho phosphoric acid. With silver nitrate the 
soluble metapkespkates give a wfute precipitate of tJlver metaphos|ihaia . 
AgPO,. 

Id addition to the ordinaiT salts of metaphosphoric add. Tarious modilicaltons of the 
nme exist j these are deiiTed from the polymeric meta-acids, tl,l',0„ ll,l',(),, H,r,(),,, 
etc They are all changed to primary ortho- phosphates by boiling their solutions. [See 
Tammann, Jr. prakt Ch. 45 (1891), 417.] 

Pbospbams Pentoxide, P,0(, or Phosphoric onh5iiri(le,\&0o\aM\e&. 
Ay burning phoapborm ia a current of dry oxygeu 01 Av^ axt. 
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The following procedure servu for the preparation of it (Fig. 65) : A piece of pbo(- 
nhonis, placed in ao iron dish Bttached to the glut lube a i, 11 bunted in (he |ka 
balloon A. Tlie necessary atnount of air is drawn through the veuel by meaoi at an 
aspirator. The air is lir^t passed through the bent tube contaiaing piece* of pumict' 
stone, moistened with sulphuiic acid, in order to dry it perfectly. After the pbiMplMras 
has been consumed, fresh pieces of it are introduced into the little dish thniiigh « i, and 
the appet end of the tube closed with a cork. The jAoqdioTus pentozide fccmed coUetu 
partly in A and partly in the recelTer (i). 

^Phosphorus pentoxide is a white, voluminous, flocculent maa^ It 
a t tracts m QJs ture energetically and d elique sces in the air. It dissolves in 
cold water with hissing and yields metaphosphoric acid. Owing to its 
great affinity for water it serves as an agent for drying gases, and also for 
the withdrawal of water in chemical reactions, e. g., in the fomuUion of 
acid anhydrides from acids (p. 204). 




Chloranbydrides of tbe Acida of Phoapbonia. — The hai<^D derivatives of phoi. 
phorus, considered on p. 141, may be viewed as the halogen anhydrides of phos- 
phorous and phosphoric adds (p. 19$). The compounds PCI,, PBtj, and PI, ore 
derived from phosphorous acid, because they yield the latter acid with water : 

FOi + 3H,0 = II,PO, + 3Ha. 

The compounds, phosphorus pcnlochloride, FCI^, and phosphorus pentabromide, 
I'ltrj, correspond to the normal otthophosphoric acid, P(OH]^ which has not been 
obtained in a free condition (see Calcium Phosphate). 

Phosphorus Oxychloride, P0C1„ can be viewed as the chloride 
of the known orthophosphoric acid, PO(pH.\. It \5a, coVoAest Uaav d. 
faming strongly ia the air; its specific giavUf e<\\ia.Vi \,ti%«. a.*,". ^.^. 
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congeals on cooling and then melts at — 15°. It l)(.)il.s w ithoiit.dec om- 
position at 107°; its vapor density corresponds to the formula — 

poa, -r- 153.0. 

IWater decomposes it intometa* or orthophosphoricacid and hydrochloric 
acid: 
rOCl, + 2H,0 = H PC), + 3IICI 
poci, -f- 3H0, = n,Po^ -I- 3HC1. 

It may be obtained by decomposing the pentachloride with a little water 
(see above), or by allowing it to deliquesce gradually in moist air. A 
more practical method consists in distilling the pentachloride with phos- 
phorus pentoxfde : 

3Pa> + P,0, = SFQCl,; 

or with crystallized boric acid (6 parts to i part) : 

3Paj + 2H,BO, = 3POCI, + B,0, + 6Ha. 

A noteworthy formation of the oxychloride is the union of phosphorus 
trichloride with oxygen on passing ozonized air through it : 

Pa, -f- o, = poa, -f- 0,. 

Potassium chlorate acts in a corresponding manner very energetically 
tipon the trichloride with the production of oxychloride: 

3PCI, + KGO, = 3POa, 4 KQ. 

The compound PSG, is aiia1og[ous to the oxychloride POG,. It is obtained by heat- 
ing the trichloride and sulphur to 130^ ; also by the action of phosphorus pentachloride 
tpon hydrogen sulphide or some metallic sulphides : 

PQg + H,s = psa, 4- 2Ha. 

Phosphorus suJphochhriJe^ PSCl,, is a colorless liquid of specific gravity 1.6, fuming in 
the air and boiling at 124-125®. Water decomposes it into phosphoric and hydrochloric 
adds and hydrogen sulphide : 

psa, -f- 4H,o = HjPo^ -f 3nci 4- h,s. 

The chlorides P0,C1 and P,0,C1^, corresponding to meta- and pyro- 
phosphoric acids, have also been prepared. (See Chem. Centralblatt, 
1897, IX, 14.) 



COMPOUNDS OF PHOSPHORUS WITH SULPHUR. 

With sulphur, phosphorus affords a number of compounds which are 
obtained by direct fusion of phosphorus with sulphur. As the union 
of ordinary phosphorus and sulphur usually occurs with violent explo- 
sion, red phosphorus should be employed in preparing these compounds. 

The compounds P^S^ and P,S^, analogous \n cotvs\.\V.wX\oxv V.o '^ {^^ ^^^ 
1^0^ Mre solid crystalline substances, melting at Yv\g^Yvti Xeia^x^Wa^s "KcA 
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subliming without decomposition ; phosphorus pentasulphide boils at 
520° and the trisulphide at 540^ (cor.). Water changes them to hydro- 
gen sulphide and the corresponding acids, phosphorous and phosphoric 
They combine with the alkaline sulphides to form compounds (r. g,, 
K,PS^) which possess a constitution analogous to that of the salts of phos- 
phoric and phosphorous acids [see Sulpho-salts of Arsenic, p. 223 ; alio 
Glatzel, Z. f. anorg. Chem. 4 (1893), 187]. 

Well-crystallized sulphur phosphides, the composition of which corre- 
sponds to the formulas P^S^, P^S, and P,S^, have been prepared. The 
supposed compounds P,S and P^S are liquids which inflame readily in 
contact with air, but have been proved to be mixtures containing free 
phosphorus. 

Besides the preceding, we hare other phosphorus derivatives which contain nitrogen. 
These have been little studied, and at present are unimportant. Such compouiids 
are PN,H (phospham), PNO, PNCL. The so-called amid-derivativcs, POa,.NHp 
POClflVH,), and PO(NH.)„ are produced by alio wing ammonia to act upon phocpboms 
oxychloride, POCl,. In these chlorine is replaced by the amido-group NH,. 

Recently, amidophosphoric add, PO(NH,)(OH)^ corresponding to salphamic acid, 

SO,(NH,)OH, and imidophosphoric add, NH<^|^U|«, the conntetpart' of imido- 

sulphuric acid, as well as its derivatives, have been more exhaustively studied [Stokes, 
Jahrb. d. Chem. vi (1896), 89]. 



3. OXYGEN DERIVATIVES OP ARSENIC. 

ASj(/j . . • . 

Arsenic trioxide. 

ASjOj HjAsO^. 

Arenic pentoxide. Arsenic acid. 

Arsenic Trioxide, As,0,, or Arsenious anhydride (^Actdum arseni- 
osum)f occurs in nature as ajsa nic * * bloom. ' ' It is produced by the 
burning of arsenic in oxygen or in the air, and by the oxidation of the 
metal with dilute nitric acid, (it is obtained metallurgically on a large 
scale as a by-product in the roasting of ores containing arsenic!) The 
trioxide thus formed volatilizes and is collected in walled chamEers, in 
which it condenses in the form of a white powder { white arsenic^ i>oison 
flour ). To render it pure, it is again sublimed in iron cylinders, and 
obtained in the form of a transparent^ amorphous, glassy mass { arsenic 
gilts s)y the specific gravify of which equals 3 74. Upon preservation this 
variety gradually becomes opaque and porcelaneous, acquires a crystalline 
structure, and its specific gravity decreases to 3.69. Upon dissolving 
this oxide in hot hydrochloric acid, it crystallizes, on cooling, in shin- 
ing, regular octahedra. At the same time, this interesting phenomenon is 
observed : that when the solution of the glass variety crystallizes it phos- 
phoresces strongly in the dark, while the porcelaneous does not exhibit 
this property. Arsenic trioxide crystallizes in similar forms of the regu- 
lar system when its vapors are rapidly cooled, but uyon cooling; slowly^ 
it assumes the shape of monocWmc piK^vcvs ol ^^ca^c ^^n\\>5 n.^\ 
therefore ij is dimorphous. When \veated \w v\v^ iw, \\.^^\\m^7SiwsH^ 
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918", without meltiog ; under higher pressure, however (in sealed tubes), 
it melts to a liquid which solidifies to a glassy mass. 

The nkolccnlar nugoitiide of the solid arsenic Irioiide, like ihil of all aolids, is not 
known. Whencon*«ted iDIOTiporit behaves tike sulpburand other solid liquid budici; 
in nipor rom at lower tempciatures (he mulecules contain mure auims (ban at higher 
(cmperaturei. According [0 Biltx (Z. f. pliys. Ch, 30 (1896), 68), a( (empcratures rang- 
ing rrom 500° to 700° the molecules of As,0, pieduminate, while between 700'' and 1800° 
the molecules of As,0, increase in number. Alx>re 1800° the density corresponds (o (he 
old formula As,<),, and fat this reason and simplicity's sake it is retained in (he (eat. I( 
is interesting to observe that at lower lempeTa(ures the same group As^ ii present in the 
molecule of arsenious oiide as was observed in the molecule of arsenic (p. 143]. 

yilh difficulty in water : the solution possesses a 

. llir taste, exhibits but feeble arid rc.ii^tint) , and 

is extremely poisonous. The oxide is very soluble in acidn, and probably 
forms salts with them i at least, on boiling, a solution of the trioxide 
volatilizes in strong hydrochloric acid, arsenious chloride, AsCI,. |Froni 
this and its feeble acid nature we [Krceive an indication of the basic cliar- 
acter of the trioxide corresponding to the already [)artly metallic nature 
of arsenicl(see p. 148). 

Na-icent hydrogen converts the trioxide into arsine (AsH,) ; but when 
heated with charcoal it is reduced to the metallic state (|ip. 143, 144). 

I Upon healing arsenic trioxide in a narrow glass tube with carbon, the 
reduced arsenic deposits as a metallic mirror on the sides. Oxidizing 
agents convert arsenic trioxide into araenic acid. 
Arsenious Acid, H,AsO„ corresponding ti> the anhydride, is not 
known in a free condition. It probably exists in the a(itieo(is solution 
of arsenic trioxide, but the anhydride separates out upon evatwraticm. 
In its salts {arsenitis) it is iribasic and tisually affords tertiary derivatives: 

Ag,A^„ Mc,{AsO,),. Ul^O^ *-J-Vo -J-^ — 

The alkali salts, soluble in water, absorb oxygen from the air and serve 
as powerful reducing agents, they themselves Incoming arscniates. Silver 
nitrate forms a yellow-colo r''fl prpfi pitate. Ag , A50,. with the soluble salts. 
[See Stavenhagen, Jr. f prakt. Chem. 51 (1894), i]. 

Other salts exist which are derived from the meta-arsenious acid, 
HAsO, (p, 201). 

According to Kliogcr, artenknit acid, like sulphurous and phospborooi acids, is ]ires- 



ent in its derivatives in two forms : (■) the symmetrical As^lII, from which (he silver 

sail, the chloride and (he esters lie derived, and (3) the unsymme(rical II-As-i M_nir 

or H - A^-OH, from which the alkali salts and alkyl orsonic acids (see Organic Cbem- 

isuy) have their origin. 

Anenic Acid, H,AsO, {Addum anenicum), is obtained hv the oxi - 
datioit of arsenic or its trioxide with concemta.leA 'r'\\.t\c a.tL\^ m \>h 
means ol chlorine. Upon evaporating the so\ut.ioiv T\\oTO\i\t tx-j^Vais «aS. 
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,AsO^ + ^H,0 separate out ; these deliquesce on exposure 
They melt at loo**, lose their water of crystslllization and 
yield ortho-arsenic acid, H,AsO^, which heated to 140-180** passes into 
Pyro-arsenic acid^ H^As,0^ : 

2H,As04 = H^AsjO, + H,0. 

At 200° this again loses water and becomes Meia-arsenic acid, HAsO,. 
With water the last two acids become ortho- again ; hence the latter is 
perfectly analogous to phosphoric acid. A portion of the arsenic acid 
is volatilized, probably as arsenious chloride, when strong hydrochloric 
acid solutions of arsenic acid are heated. 

At a red heat the meta-arsenic acid loses all its water and becomes 
Arsenic pcntoxide, As^Oj, a white, glassy mass. Very strong ignition 
decomposes this into arsenic trioxide and oxygen ; in contact with water 
it gradually changes to arsenic acid. 

Ortho-arsenic acid is readily soluble in water, and is a strong tri basic 
acid. Its salts — the arseniates — are very similar to the phosphates and 
are isomorphous with them. ^Vith the soluble salts silver nitrate gives a 
reddish-brown precipitate of tri-silver arseniate, Ag,AsO^ 









COMPOUNDS OF ARSENIC WITH SULPHUR. 

Arsenic, like nitrogen and phosphorus, combines in several proportions 
with sulphur : real,^ar, As,S,, auripigmcnt or irisulphide, As,S,, 2XiA penia- 
sulphide, ASjSj. They can \yt prepared by fusing arsenic and sulphur 
together. The two containing the more sulphur maybe also obtained by 
passing hydrogen sulphide into solutions of the arsenic oxides. |This indi- 
cates the metallic nature of arsenic, for this is the universal method 
of preparing metallic sulphides:! 

As,0, + 3H,S = As,S, 4- 3H,0 ; AsjO^ -f 5H,S = As^ + SH.O. 

Arsenic Trisulphide, As,S,, occurs in nature as auripigment in bril- 
liant yellow, leafy, crystalline masses of specific gravity 3.4. It is pre- 
cipitated from acidulated solutions of arsenious acid or its salts by 
hydrogen sulphide, as a lemon-yellow amorphous powder. It is insoluble 
in water, but (dissolves readily in ammonium hydroxide, the alkalies and 
alkaline sulphides^ It is worthy of note that it dissolves upon prolonged 
heating in concentrated hydrochloric acid : 

AsjS, -f- 6Ha = 2Asa, + 3H,S ; 

the arsenious chloride then volatilizes with the hydrochloric acid vapors. 
Arsenic Pentasulphide, As^S^, separates as a bright yellow powder 
from the solution of sodium sulpharseniate, Na,AsS^ (sec below), upon 
the addition of acids. ^Iso if a rapid current of hydrogen sulphide be 
conducted through a slightly acidulated arsenic acid or arseniate solution, 
heated to 80° ; the arsenic acid is then, according to R. Bunsen, slowly 
but completely converted into pentasulphide: 

2H,AsO, + 5H,S = AsjS^ -f- 8H,q) 
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[Ann. Chem. iga (1878), 305]. Under oihcT conditions arsenic acid 
can be reduced by hydrogen sulphide entirely or in part to arseniousacid 
with the separation of sulphur: 

which ii then either precipitated as trisulphidc in the heat or in the 
presence of much hydrochloric acid it may be volatilized. Consult 
Brauner and TomiCclt, Monaishefte f. Chera. vni (1887), 607; McCay, 
Z. f. analyt. Chem. 37 (1888), 633, and Piloty and Stock, Bcr. 30 
(1897), 1649, upon the complex and as yet unexjilained relations. 

Arsenic Disolpbide, As^„ also exists. It occurs in nature as 
tvaigar, forming the beautiful, ruby-red crystals, of specific gravily 35. 
It is applied as a pigment. It is pre|)arcd artilicially by fusing arsenic 
with sulphur in the proportion by weight expressed by its formula. 

Arsenic Salpho-ialti.— Josl u the airK"' c<Hnpounds of aisenk combine wiih 
base oiidei uxl hydnnudei lo form lalts, so ihe sulphosalls are formed b; combiiiatiun 
-'-■- - ' '■■iftrilhdiuilineiulphidesj 

A.A + 3K^ ^.^'''^^ 
«ul[£)irtnille. 

Ai^ -(- 3K,S = iK,A>S.. 
Tripotaulum 



K,AiO, -J- 4H,S = K,AiSj + 4ll,0. 

Tbe mlpbo-Mlti of the dicaties and unmonium are eauly soluble in waler, and when llie 
■oludon ii eiaponted Ihejr generally separale in ciyslali. Acids decompose them, arsenic 
nlphide tepantiDg oat and hjidrogen sulphide becoming free : 

3K,AsS, + 6Ha = AsjS, -f 6Ka + 3ll,S. 

Tbe silver tail, Ag,AsS,, silier sulphuwniie, is Ihc minenl prnalilr. 

Antimony, carbon, tin, gold, platinum and some other melals fonn sulpho-salts similar 
to those of aisenic (and of pho^drarus). 



4. OZYOEN COMPOUNDS OP ANTIMONY. 

The oxygen derivatives of antimony are analogous in constitution to 
those of arsenic; antimony trioxide, Sb,0,, and antimony pcntoxide, 
Sb,0,. The similarity of the two metalsTi HTdicated here just as in their 
chlondes. The trioxide does not poMcss acid but Itasic i>ru | x:rties 
almost solely; it is true that a few salt-like compounds with such power- 
ful bases as caustic soda and potash are known, but they are immediately 
decomposed by water with the seiuiration of antimony trioxide oxide. 
Its salts with stroDg acids, in which it appears as a hast, ate a.\v,^ ibii£.\W 
decomposed by water. The normal hydrate, H^Wi,, ctitt«s.v^t\i\o^ \»_ 
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arsenious acid, HyAsO,. may be obtained from potassium antimonvl Ur* 
trateXsee Organic Chemistry). Other hydrates are not definitely knowo^ 
The higher oxidation product, the pentoxide^ SbJO^, on the contrary t 
has an acid nature and yields salts with the lea ses. The hydrate. H^bO^. 
or ortho-antimonic acid, pa^es at 175® into meia-antimonic acid^ HSbO,, 
and at 275^ into the anhydride^ Sb^O^. ^Most of the antimoniates are 
derived from pyro-antimonic acid, H^Sb^Of, which is produced on decom- 
posing antimony pentachloride with water and drying the precipitate at 
100** (p. 148). 

Antimony Oxide (antimony trioxide), Sb,0, or Sb^O|, is obtained by burning the 
metal in the air, or by oxidizing it with dilute nitric acid. By sublimation it may be 
obtained in two different crystal systems, in regular octahedra and in rhombic prisms. In 
these forms it occurs also in nature as the isometric senarmontite and rhombic vaieniimit. 
It is not isodimorphous with arsenic trioxid e, which was long considered to be the case, 
fts vapor density at 1560" corresponds to the formula Sb^O«, and at higher temperatures 
it is very probable that it will be like arsenic trioxide, the simpler molecule Sb,0^. The 
hydrate. Sb(OH)a, is thrown out as a white precipitate on adding dilute «ul|mufic iiad 
to a solution of tartar emetic" It parts with water quite readily and changes to aoumoiq^ 
tnoxiae also called antimonious acid. 

The latter and the hydrate dissolve in sodium and potassium hydroxide, and, very 
probably, form salts (NaSbO,) which decompose upon evaporating the solution. In this 
behavior the acid nature of antimony hydrate is also seen ; therefore it has received the 
name of antimonious acid. 

The oxide forms salts with adds, which are derived either from the normal hydrate, 
H,SbC\, or from the hydrate, HSbO, = SbO.OH (meta-aniimcnitna acid). In the 
salts of the Brst kind we have three hydrogen atoms of the hydrate replaced by add 
radicals, or, what is the same, a trivalent antimony atom displadng three hydrogen atoms 
of the acids : 

SbO,rNO,),orSb(NO,),. 
Antimony nitrate. 

In the second variety of antimony salts derived from the hydrate, SbO . OH, hydrogen 
is replaced by a univalent acid residue, or the hydrogen of the acid b substituted by the 
univalent group, SbO, known as antimonyl : 

SbO . O . NO, or NO,(SbO). 
Antimonyl nitrate. 

Of these salts may l>e mentioned the following : 

Antimony Sulphate, Sb,(S04)., which separates when a solution of the oxide in 
concentrated sulphuric acid is cooled. 

Antimonyl Sulphate, (SbO),S04, is formed when antimony oxide is dissolved in 
somewhat dilute sulphuric acid , and crystallizes in fine needles on cooling. Water decom- 
poses both, ionning basic salts ; hence the basic nature of antimony oxide is slight. 

Antimonic Acid, H^SbO^, is obtained upon warming antimony with concentrated 
nitric acid or by adding antimony pentachloride to cold water : 

aSbOj -h 8H,0 = 2H,SbO^ -j- loHCl. 

It is most conveniently prepared by decomposing its potassium salt with nitric add. It 
forms, when dried over concentrated sulphuric acid, a white powder of the composition 
indicated by the formula. When air-dried it has the formula — 

2H,SbO^ -f H,0. 

It is almost insoluble in water and in nitric acid, but reddens blue litmus- paper. It is a 
weak monobasic acid, the salts of which are moslX'y \tvso\\x\Ae \tvvia\«t. ^^a^^'ftre^'^wsx 
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and *. BUcM, Chem. CealnlbUtt, 18S9. I, 803; Ebel, Bcr. 31(1889), J044. See alio 
p. aas-J 

At 400° autiiiioiiic add yield* antimony pentoxide, ^(1,0^, ■ yelluw, unoqihoui 
BMu, siduble ID hjdrocbloric acid. At 800° ibe penloiidc breaks down inlo uijrcen and 
the oxiile, Sb,0,, whicb can be Tiewed as anlimonyl meu-anUmoniate ^SbO, . ^bO), or 
•■• mixed auhjKlride, ciai i*^- '' '^ * 'bite powder, becoming yellow when heated 
■ad at Ihe melting point of lilier li decomposed into oxygen and the trioiide. 



COMPOUNDS OF ANTIMONY WITH SULPHUR. 

These are perfectly analogous to the sulphur cuinixiunds of arsenic, and 
form sulpho salts with alkaline sulphides, corresponding (o the oxygen 
salts. Acids precipitate antimony sulphide and liberate hydrogen sul- 
[diide from the sulpho-salis. 

Antimony Triaulpbide, Sb,S„ is found in nature as stibnitc {Stibium 
sulpkuratum ttigrum) in radiating crystalline masses of dark-Kray culor 
and metallic luste r; its specific gravity is 4. 7. When heated it ineltsand 
distils. The a rtificial sulp hide obtained by precipitating a solution of 
the oxide with hydfogen sufpnmepis a n an ioiubous red powde r. When 
it is digested with aqueous hydrochloric acid or when carefully heated 
alone in an atmosphere of carbon dioxide it passes into the black, crys- 
talline variety. (Upon wanning, the sulphide dissolves in concentrated 
hydrochloric acia to form antimony trichloride.) 

The compound, Sl>^,0, occurring in nalurras red stibnile, can be 
artificially prepared, and serves as a beautiful red pigment, under the 
name of antimony cinnabar. Kermes minerate, emjiloyed in medicine, is 
obtained by boiling antimony sulphide with a sodium carbonate solution, 
and is a mixture of antimony trisulphide and antimony trioxidc. 

Antimony Pentasalpbide, Sb^^, or gold sulphur {Stibium mtf-hur- 
atum aurantiacum'), is precipitated by hydrogen su lphide from acid solu- 
tions of ant Imonic acid ; it is more conveniently obtained by the precipi- 
tatioD of sodium sulphantimoniate . Na,SbS„ with hydrochloric acid: 

2N»,SbS, + 6Ha ^ Sb,S, + 6Naa + sH.S. 

It is an grange-red powder, like the trisulphide ; it deconijioses on 
being heated into antimony trisulphide and sulphur. I t dissolves to 
antimony trichloride in strong hydrochloric acid, with separation of sul- 
giur anj lib eration of hydrogen sulphide. 

Sodium sulphantimoniafe, Na^SbS, (Schlippe's salt), results from boiling 
pulverized antimony trisulphide with sulphur and sodium hydroxide 
(p. J23). Upon concentrating ihesolution it crystallizes in large yellow 
tetrahedra containing nine molecules of water (SbS,Na, -f- 9H,0); ex- 
posed to the air it becomes covered with a brown layer of antimony 
pentasulphide. It serves principally for the preparation of the officinal 
goid sviphuT. 
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VANADIUM. NIOBIUM. TANTALUM. 

V = 51^. Nb « 94. Ta « 1813. 

The three rare elements, vaxuuliaiii, niobinm and tantalum, are doaely related to the 
phosphorus group. They yield deiiTatiTes very modi like those of the phosphonu 
group, but possess a more metallic character. They exhibit many chaimcteristici similar 
to those of chromium, iron and tungsten, with which they are fremiently awociatfd in 
their naturally occurring compounds ^ompare the Periodic S3ratem of the Elements). 

Vanadium, observed in 1801 by L>el Rio and considered to be chromium until SeutrSm 
in 1850 proved it to be a new element, occurs in nature principally in the ibnn of salts 
of vanadic acid (vanadium lead ore). Creuzot has recently wonced the Thomas slags fbr 
vanadic acid, which originally was present in the iron ores. Vanadium may be obuined 
free by igniting its chlorides in a current of hydrogen. It is a grajriih-white, metallic, 
lustrous powder, of specific gravity 5.5. It is difficultly fusible, and changes in the air 
very slowly at ordinary temperature. When heated, it bums to vanadium pentozide, 
V,Oj. It unites readily with nitrogen to fonn vanadium mononitride, VN. 

Vafuuiium trichlarUe^ VC1„ forms red plates, which readily deliquesce in the ab; 
it is not volatile. 

Vanadium oxychloridfy VOQ,, results on heating a mixture of vanadium trioxide, 
V,0., and carbon in chlorine gas. It b a lemon-yellow liquid, of specific gravity 1.84, 
and boils at 126^. It fumes strongly in the air and decomposes with water (analogous 
to phosphorus oxychloride) into vanadic acid and hydrochloric add. Its vapor density 
corresponds to the formula VOCl,. 

Vanadium trioxide^ ^fiv ^ ^ black powder obtained by heating vanadium pentoxide, 
V,0^, in hydrogen. It combines with oxygen, to form vanadium pentoxide, "VjOy The 
corresponding sulphate, V.(S04),, combines, like the similarly constituted sulphates of 
aluminium, iron and chromium, with the sulphates of the alkalies to form alums (see these U 

Vanadium pentoxide y V,0|, or vanadic anhydride, is a brown mass obtained by fusing 
the naturally occurring vanadates with niter, etc. It exists in three varieties. It is solu- 
ble in the alkalies, and forms with the metals salts of vattadic^ H^VO^, and nutavanadic 
acids, HVO,. All these compounds are similar in constitution to those of the elements 
of the phosphorus group. In addition to these, vanadium forms other compounds, con- 
stituted like those of sulphur and chromium. In this class belong VCl, (dichloride), 
the tetrachloride, VCl^, vanadious oxide, VO, vanadium dioxide, VO„ and the oxychlo- 
ride, VOCl,. The tetrachloride, VCl^, is a red-brown liquid, boiling at 154® ; its vapor 
density corresponds to its formula. 

Niobium, Nb, and tantalum, Ta, are not well known in the free state. They occur 
together as niobates and tantalates in a few rare minerals — the columbites and tantalites. 
The chloridas, NbCl^ and TaQ^, are volatile and are decomposed by water. Niobium 
and tantalum unite with potassium fluoride, forming double salts, e.g,^ 2KFI. NbFl. and 
2KF! . TaFlj ; also 2KFI . NbOFl, and 2KFI . TaOFl,. When potassium niobium fluor- 
ide, 2KFI. NbFl^ is heated with sodium, niobium hydride, NbH, is formed. This is a 
grayish-black powder, which when heated bums to niobic anhydride, Nb,0<, and water. 
The oxides, Nb^O^ and Ta^O^, form salts of niobic (HjNbO^) and tahtalic (H^TaO^) 
acids with bases. 



4. OXYGEN DERIVATIVES OF THE ELEMENTS OF 

THE CARBON GROUP. 

The following normal hydroxides correspond to the halogen deriva- 
tives, CCl^, SiCl^, GeCl^, and SnCl^, of the quadrivalent elements car- 
bon^ silicon, germanium, and tin (see p. 164): 



IV 


TV 


IV 


IV 


C(OH), 
Normal 


Si(OH)^ 


Ge(OIl^^ 


Su(OH\v. 


Normal 


NoTTOa\ 


"^OTTEVa^ 


carbonic acid. 


silicic acid. 


gerinanvc acvd. 


s\aJEi\vvc. ^c\^. 
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These nomud hydrates or acids being true ortho-acids have but little 
stability, and exist chiefly in their derivatives. By the separation of one 
molecule of water, they pass into^ 

COiH, SiO,H, GeO,H, SnO.IT,. 
Or 

CO(OH), SiO(OH), Grf)(OH), SnO(OH),. 

CufaoBlc Kid. SUidc uid. Ccmunic uid. Suonk add. 

These hydroxyl derivatives deport themselves toward the normal just 
as the mcta acids of the elements of (he nitrogen group do to the ortho* 
acids (see p. loi ). They constitute the ordinary acids of the quadriv- 
alent elements carbon, silicon, germanium, and tin, and, as they contain 
two hydroxyl groups, are dibasic. 

Carbon is the lowest member of this group, with the least atomic 
weight. Among the elements of the other three gruujK corresjionding to 
it are nitrogen, oxygen, and fluorine: 

C = la N = 14.04 O = 16 FI = 19. 

Fluorine and oxygen do not afford any oxygen acids. The nurmal acids 
of nitrogen, N(OH). and N(OH),, are very unstable, and ])a.ss readily 
into themeta-acids, NO,.OH and NO. OH. The normal carbonic acid, 
C(OH)„ corresponds to this, but is not capable of exi.sting. Indeed, (he 
mcta- or ordinary carbonic arid, H,CO,, is also very unstable and at once 
decomposes, when separated from its salts, into water and carbon dioxide, 
CO^ Even silicic, germanic, and stannic acids break di>n-n readily into 
water and their anhydrides: 

CO, SO, CeO, SnO,. 



1. OXYOBM COMPOUNDS OP CARBON. 
Carbon Dioxide, CO., or carbonic anhydride (generally called car- 
bonic acid), is produced when carbon or its com|>ounds are burned in air 
or oxygen. It is found free in the air (in 100 volumes, on an average, 
0.03s volumes CO,), in many mineral springs (acid springs), and escai)es 
in large quantities from the earth in many volcanic districts. It occurs 
in the liquid form, enclosed in the cavities of many crystalline minerals 
(quartz, topaz). It is prepared on a large scale by burning coke or by 
the ignition of limestone ; in the laboratory it may be most conveniently 
obtained by the decomposition of calcium carbonate (marble or chalk) 
with dilute hydrochloric acid : 

ceo, + aHa = c«ci, + CO, + 11,0. 



Carbon dioxide is a colorless gas, with a sliglMV^- ac\i VasVe. ^-wVwfe 
to its weight, the gas may he collected by aii d\sv\a,cemtw\., a.'&i to^-I ^«i 
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poured from one vessel iuto another filled with air. A liter of carbon 
dioxide weighs i 965 grams at o^, 760 mm. pressure, and in 45^ latitude 
at sea-level. By a pressure of 50--60 atmospheres at the ordinary tem- 
perature carbon dioxide can be liquefied, as was first shown by Faraday. 
The apparatus of Thilorier and Natterer were employed to this end. At 
present liquid carbon dioxide is brought into market enclosed in wrought- 
iron cylinders, and is used quite regularly in technical operations. 

Carbon dioxide can only be liquefied below -|~30-9^> ^^is is its criti- 
cal temperature (p. 47). Its tension (critical pressure) at this point 
equals 77 atmospheres. If liquid carbon dioxide, enclosed in some suit- 
able vessel, be allowed to escape into the air by opening a stop-cock 
(ordinary pressure), it immediately solidifies (see below) to a white, snowy 
mass. This is because in the evaporation of a part of the liquid so much 
heat is withdrawn that the remainder becomes solid. Solid carbon 
dioxide is a very poor conductor of heat and vaporizes very slowly. Not- 
withstanding its low temperature it can be handled without serious result, 
because it is always surrounded by a gaseous layer, and is, consequently, 
not in immediate contact with the skin. If, however, it be pressed 
between the fingers, it will produce painful burns. 

The temperature of the solid carbon dioxide vaporizing in the air under 
ordinary pressure is about — 78° (its boiling point). When the solid 
dioxide is mixed with a little ether it forms a paste, and then conducts 
heat better, and is, therefore, well adapted as a cooling agent. In vacuo 
its temperature diminishes to — 140°. 

Liquid carbon dioxide is a colorless, very mobile liquid. Its specific 
gravity is 0.91 at — 1.6°, 0.84 at 4"^5°> and 0.726 at -(-22.2**. Its coefii- 
cient of expansion is, consequently, greater than that of the gases; other 
gases behave similarly, but only such as are condensed under great pressure. 
If liquid carbon dioxide, contained in a glass tube, be heated, it expands 
rapidly and suddenly passes, at the critical temperature, 4"3<^-9°» J^^^o 
gas. This behavior enables us to determine without difficulty whether 
the liquids contained (see above) in minerals are liquid carbon dioxide. 

If liquid carbon dioxide, confined in a glass tube, be cooled by a mix- 
ture of solid, snowy dioxide and ether (see above), it will solidify to a 
transparent ice-like mass, which will melt at — 65°, according to another 
authority at — 57®. 



The tension of the solid or liquid dioxide, which at the same time indicates the pres- 
sure necessary for condensation at various temperatures, is given in the following table : 



Temperature. 



-1-30.9' 
10° 



Tension. 



77 atmos. 
58.0 " 
46.0 " 

35.4 " 



Temperature. 



— 20" 

-40° 
—60° 
—70® 
— 8o« 



Tension. 



\ 



19.9 atmos. 
10.2 •* 

3-9 ** 
2.1 *♦ 



\ 
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At the (enpenture offmioo of the solid dioiide ( — 6;°] Ihe tension equals about 3.5 
■Imospheres ; the resulting liquid has tlii« tension at this temperature. If the eilernal 
preisure exerted upon it be less, it cannot eiisl as a liquid, but must immediately pass 
into the gaseous slate. Herein we observe why (he solid dioxide (under ordinary pres- 
sure) does not melt in the air, but vaporizes at once ; and further, it eiplains why the 
liquid dioiide, sobjected (o Ihe ordinary atmospheric pressure, cannot continue in thii 
Hate — why it is either gasified at once or changed to the solid fomi. 

Many other fusible solids behave like the dioxide. If the tension of their vapors U 
the fusion lempenlure exceeds that of (he external atmospheric pressure they do not melt 
in the air, because (he resulting liquid is inimediB[e1y tiansftHmed into vapor; they 
vaporize (sublime) directly, without previous fusion. Such bodies are, i. g., aisenic, 
arsenic rrioiide, As,0,, camphor, mercurous chloride, HgCl, etc. They can be fused only 
under increased pressure (in sealed lubes). Again, all solids fusible in the air (under 
ordinary pressure) may be converted directly into gases by removing the eitema] pres- 
sure. Thus iodine fuses at 1 14°, but sublimes in a vacuum wi(hou( previous fuuon. 
Mercuric chloride, HgCl,, fuses a( *65'*, but no( if the external pressure be less than 410 
■urn. Water melts at 0°, its tension at this temperature is 4. 6 mm. If the external pres- 
sure be less (in vaatc), it will no longer melt, but vaporiie at ODce. The pressure 
below which solids no longer melt has b^n called their crilicai prttiurr (Camelley). It 



Water dissolves an equal volume of the gas at 14°; at 0° it takes up 1.79 
volumes. This proportion remaius constant for every pressure, r. e., at 
every pressure the same volume of gas is absorbed. As gases are con- 
densed in proportion to the pressure, the quantity of absorbed gas is also 
proportional to the former (.law of Henry and Dalton). Hence i volume of 
water absorbs, at 14° and 1 atmospheres pressure, » volumes, at 3 atmos- 
pheres 3 volumes, etc., of carbon dioxide — measured at ordinary pressure. 
The gas absorbed at higher pressure escapes with effervescence of the liquid 
when the pressure is diminished; upon this depends the sparkling of soda 
water and champagne, which are saturated wilh carbon dioxide under 
high pressure. Every naturally occurring water, esf>ecially spring water, 
holds carbon dioxide in solution, which imparts to it a refreshing taste. 

As the product of a complete combustion carbon dioxide is not com- 
bustible, and is unable to support the combtistion of most bodies ; a glim- 
mering chip is immediately extinguished in it. In a similar manner it is 
irrespirable. Although it is not poisonous, in the true sense of the 
word, yet the admixture of a few per cent, of carbon dioxide to the air 
makes it suffocating, as it retards the elimination of the same gas from the 
lungs. 

It is decomposed by the continued action of the electric spark into car- 
bon monoxide (CO) and oxygen ; upon heating to 1300° it suffers a par- 
tial decomposition into carbon monoxide and oxygen. It is also decom- 
posed when conducted over heated potassium or sodium, with separation 
of carbon ; the potassium combines with oxygen to form potassium oxide : 

CO, -I- iK, = C + iK,0, 

which forms potassium carbonate (K,CO,), with the excess of carbon di- 
oxide. Glowing carbon reduces the dioxide to the monoxide (p. 331). 
Carbon monoxide is analogously formed on co^\AvlcX^T\¥,^TO\■(.\\wt'sX^.V«.i^- 
oxide and hydrogen (equal volumes) through a Xu\)eVta.\ft6.Voxt&Msa,'WS. 
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between 250° and 300° the opposite reaction takes place, although only 
10 a slight degree : 

CO, -f- H, ^ > CX) -f H,0. 

The composition of carbon dioxide is readily determined by burning 
a weighed quantity of pure carbon (diamond or graphite) in a current 
of oxygen, and ascertaining the weight of the resulting gas. From the 
formula CO, it follows that in one volume of carbon dioxide there is 

contained an equal volume of oxygen. We may satisfy 
ourselves of this by burning carbon in a definite volume 
of oxygen ; after cooling, there is obtained an equal 
volume of carbon dioxide : 

C -h O, = CO,. 
I vol. X vol. 

The experiment is most practically executed by aid of 
the apparatus of Hofmann pictured in Fig. 66. The 
sphere-shaped expansion of the eudiometer limb of the 
U-tube is closed by means of a glass stopper, through which 
two copper wires pass. The one wire bears a combustion 
spoon at its end, upon which lies the carbon to be burned, 
while the other terminates in a thin piece of platinum, 
which is in contact with the carbon. For the performance 
of the experiment, the (J-tube is filled, to near the bulb, 
with mercury and the air is expelled from the bulb limb 
by means of a rapid current of oxygen, the stopper made 
air-tight, the mercury level noted, and then pass the in- 
duction spark between the platinum wire and the copper 
spoon ; this induces the burning of the carbon. As the 
volume of the enclosed gas is greatly expanded by the heat 
developed, it is advisable, in order to avoid the jumping out of the stopper, 
to previously reduce the pressure of the gas about two-thirds, by running 
out mercury. When the combustion is finished the mercury which was 
drawn off is returned and it rapidly assumes its original position. The 
same apparatus can also be employed for the illustration of the volume 
relations observed in the combustion of sulphur and other bodies. 

In dry condition, carbon dioxide, like all anhydrides, exhibits neither 
basic nor acid reaction. In aqueous solution it colors blue litmus-paper 
a faint red ; upon drying the paper the red disappears, in consequence 
of the evaporation of the carbon dioxide. 

We may then regard it as probable that free carbonic acid, H,COj, is 
contained in the aqueous solution, but this readily decomposes into the 
dioxide, CO,, and water. The salts of carbonic acid are produced by 
the action of carbon dioxide upon the bases : 

2KOH -f CO, = K,CO, -h H,0. 

Potassium 
carbonate. 

Carbon dioxide is, therefore, easily absorbed by potassium axvd«>d\\w»i 
hydroxide. On conducting it througV\ aso\uX\otvoi ca\cA>MCL o\ \»s:\>xa\ 




Fig. 66. 
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hydroxide, a white precipitate of barium or calcium carbonate, BaCO, 
or CaCO,, is produced. 

CarboDic acid is dibasic, forming primary (acid) and secondary (neu- 
tral) salts, KHCO, and K,CO„ called carbonates. As the acidity of car- 
bonic acid is only slight, the secondary salts, obtained from strong bases, 
exhibit a basic reaction. Most acids expel the weak carbonic acid from 
its salts, with decomposition into carbon dioxide and water. 

in the reduction of carbon dioxide we meet an interesting transi- 
tion or transformation of substances of mineral origin into those of ani- 
mate nalurc. According to Lieben nascent hydrogen readily reduces 
carbon dioxide in the form of dissolved bicarbonales to formic acid (for- 
mates) : 

HO . COON« -1- H, = H . COONa + H,0. 
Sodium Sodium 

blarboDMc. (orm*I«. 

And the latest researches show that water and hydrogen, under the influ- 
ence of the silent electric discharge, reduce carbon dioxide to formic 
acid: 

CO, -1- H, = H.COOH and CO, -|- H,0 = H.COOH -)- O. 

The reduction of carbon dioxide by the chlorophyl granules of plants 
in the sunlight is particularly important. It is by them that the almost 
endless number of "organic bodies" contained in plants is built up. In 
the animal organism, on the other hand, carbon dioxide and water are 
the chief decomposition products of organic compounds; consequently 
the exhaled air is rich in this acid. 

i, hu bc*n obttineil by the electrolysis of acid caibonales juit 

IlisduelolheunioDof (heioDs— 

0-CO-OiI 
0-CO-Me (Me = meUl). The free •cid would hsTe (he fcmnuU i 

O-CO-OH' 
and maf be said to be derived from hydrogen peroxide (p. I(^ ]. lis sails vill be 
dcscribeil later. 

Carbon Monoxide, CO. Carbon dioxide is the first product in the 
combustion of coal. But just as soon as the combustion reaches a certain 
temperature — maximum — the excess of carbon reduces the dioxide and 
carbon monoxide is formed : 

CO, -I- C = 2CO. 

I vol. 1 volg. 

This is demonstrated by the following experiment : When dry air is con- 
ducted over heated coal, carbon dioxide is formed almost exclusively 
from 400° to about 700°. From this point forward carbon monoxide 
appears in increasing amount and from 1000° upwards it is almost the 
sole product. Hence glowing coals at moderate temperature burn with- 
out flame, but at more elevated temperatures (from 1000" upwards) flame 
is present (p. 155). 

Zinc-dmt reacts like carbon 1 

CO, -I- Zn = ZnO + CO. 
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When carbon dioxide is conducted through a glass tube, containing nnc-dust heated to a 
faint red heat, almost pure carbon monoxide escapes. A more convenient pfoceduie 
consists in heating pulverized magnesium carbonate and zinc-dust in a glass retort, when 
CO, containing CO,, is eliminated ; subsequently the former alone escapes. Pure mon- 
oxide is also formed upon heating zinc-dust with chalk (in equivalent quantities) : 

Zn + CaCO, = ZnO + CaO + CO, 

a very convenient method for its preparation. 

The monoxide is produced, further, by igniting carbon with different 
metallic oxides, e, g,y zinc oxide: 

ZnO -f C = Zn -f CO. 

Water is similarly decomposed. On conducting aqueous vapor over 

burning carbon there is produced a mixture of carbon dioxide and 

hydrogen : 

C + 2H,0 = CO, + 2H,. 

By further action of the heated carbon the carbon dioxide in this equa- 
tion is reduced to carbon monoxide. This gas mixture is known as water 
gas and is applied technically. [See A. Naumann, Ber. 25 (1892), i, 
556; also p. 229.] 

A mixture of hydrogen and carbon monoxide is also produced when 
the electric arc passes between carbon points under water: 

H,0 + C == CO + H,. 

For the preparation of carbon monoxide, oxalic acid is warmed with 
sulphuric acid ; the latter withdraws water from the former, and the residue 
breaks down into carbon dioxide and monoxide : 

H.CjO^ = CO, + CO -f H,0. 

The disengaged mixture of gases is conducted through an aqueous 
solution of sodium hydroxide, by which the carbon dioxide is absorbed, 
the monoxide passing through unaltered. Pure carbon monoxide may be 
prepared by heating yellow prussiate of potassium (see Iron) with 9 parts 
of concentrated sulphuric acid. The resulting gas is conducted through 
sodium hydroxide to remove from it traces of carbon dioxide and sulphur 
dioxide. Pure monoxide is also produced when concentrated formic acid 
or lead formate is heated with concentrated sulphuric acid: 

CO,H, = CO -1- H,0. 

A liter of the gas weighs 1.25078 grams under normal conditions; it 
is therefore 0.9672 as heavy as air. It is one of the gases which are 
condensed with difficulty. Its critical temperature is — 141° and its 
critical pressure is 35 atmospheres. Liquid carbon monoxide solidifies 
under 100 mm. pressure at — 207® and under 4 mm. pressure at — 220** 
(Olszewsky). It boils at — 190° under 760 mm. pressure. It is almost 
insoluble in water, but is readily dissolved by an ammoniacal solution of 
cuprous chloride (Cu,Cl,) with which it forms a crystalline compound^ 
but this decomposes when its solution \s Vvealed avvd eaOooxv \tioTvox\^^\^ 
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again liberated. When ignited, it burns in the air, with a faintly lumi- 
nous, beautiful blue flame, which distinguishes it from other combustible 
gases. With air or oxygen, it affords (similar to hydrogen) a very ex- 
plosive mixture : 

aCO + O, = 2CO,. 

1 vota. I vol. ) vol>. 

The union of carbon monoxide and oxygen takes place at very high 
temperatures; hence the burning flame of the gas is extinguished upon 
cooling. A flame or a spark from a jwwerful induction coil is necessary 
to ignite a dry mixture of carbon monoxide and oxygen. When the two 
gases are moist they are more easily ignited and combustible. This is 
explained by the fact that carbon monoxide unites with the aqueous 
vapor and yields the dioxide and hydrogen (CO + H,0 = CO, -f H,), 
which then combines with oxygen and forms water (pp. loi, 230). 

In consequence of its ready oxidation, it is capable of reducing most 
metallic oxides at a red heat : 

CuO 4- CO = Ca + CO, . . . +(3i.3C»l.) 

(J7-IC.I.) (ig.sCiU.) (96-9 CI.) 

Some noble melals are precipitated from solutions of their salts by car- 
bon monoxide even in the cold. Thus, palladium and gold are thrown 
out from their chloride solutions by it. A piece of pajier moistened with 
palladious chloride (PdCl,) is blackened by it (delicate test for CO). 
When carbon monoxide is conducted into a platinic chloride solution 
platinous chloride separates. 

Carbon monoxide is reduced to carbon with difficulty. Burning bodies 

are extinguished by it. When healed with potassium it is decom))osed 

with separation of carbon. Under the influence of the silent electric 

discharge hydrogen reduces it to formic aldehyde : 

CO-l- H,= H.con. 

This is the simplest organic compound, consisting of carbon, oxygen and 
hydrogen. Water under like conditions changes carbon monoxide to 
formic acid : 

C0 + n,0 = H.COOH 
(see p. 231). 

When inhaled, even in slight quantity, it acts very poisonously. Blood 
containing carbon monoxide is characterized by very distinct spectrum 



In 1890 L. Mond, in conjunction with other chemists, discovered an 
exceedingly remarkable property of carbon monoxide, viz., that it com- 
bined with very finely divided nickel at 25-30° to form a liquid, which 
volatilized readily — nickel carbonyl, Ni{CO),. Since then it has been 
observed that carbon monoxide also combines with other metals of the 
iron group, forming mclal carbonyls. 

Nickel Carbonyl, Ni(CO),, is a colorless, strongly Teftac.tu\^U>.\'i\'i, 
which boils at 43° {jst mm. pressure^ and becomes cT-j^i-aWxivt a.v — 17^ . 
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Its vapors decomf>ose with explosion at 60^ ; in the air they burn with a 
very smoky flame [see Z. f. phys. Ch. 8 (1891), 150]. 



Carbon monoxide, being an unsaturated compound, combines like 
ethylene (p. 154) with two atoms of chlorine to Carbonyl Chloride or 
Phosgene Gas, COCl,, the chloride corresponding to carbonic acid : 

CO + CI, = COCl,. 

I vol. I vol. I vol. 

It is obtained by bringing together equal volumes of carbon monoxide 
and chlorine in direct sunlight (hence the name from fcbCf light, and 
Y€vvdto, I produce) ; also when the gases are conducted over ignited plati- 
num sponge or animal charcoal. It can also be made by conducting 
monoxide into antimony pentachloride, SbCl,. 

This compound is important in the color industry, and other con- 
venient methods for its preparation may be found by consulting Erd- 
mann, Ber. 26 (1893), 11, 1990. 

It is a colorless, suffocating gas, the density of which agrees with the 
molecular formula COCl,. Phosgene can easily be liquefied by chilling ; it 
boils at -\-S^ and has the specific gravity 1.43. Water decomposes it into 
hydrogen chloride and carbon dioxide : 

COCl, + H,0 = CO, -f aHCL 

Amido-derivatives. — The following are amido-derivatives of caiixmic add which are 
fully treated in Organic Chemistry and will receive but mere mendon here : Carhamie 

NH NH 

acid, ^^*^Oh'» ***^ carbamide or urea, CO<j^tT* They bear the same relation to 

carbonic acid that sulphamic acid and sulphamide sustain to sulphuric add : 

CO<N^'. SO.<NH. CO<N«| SO.<N|^ 

and can be obtained in a corresponding manner from carbonyl chloride and ammonia. 
Analogous bodies are derived from hydrazine —the hydroxides, e. g., carb^hydraxide, 

CO<*titJ;^,t'. Mention may also be made of nitrogen carbonyl, CO^m,", prepared 

by Curtius and Heidenreich. It is the counterpart of phosgene but is obtained firom 
hydrazoic acid. It is a very explosive, exceedingly volatile, crystalline compound. In 
this body also the group N3 deports itself like the halogens. [See p. X33 and Ber. 27 
(1894), 2684; Jr. prakt. Ch. 5a (1895), 454.] 



COMPOUNDS OF CARBON WITH SULPHUR. 

Carbon Bisulphide, CS,, is formed, like the dioxide, by the direct 
union of carbon and sulphur ; if vapors of the latter are led over ignited 
carbon the escaping bisulphide vapors are condensed in a cooled receiver. 
Pure carbon bisulphide is a colorless, mobile l\cvv\\d, o^ C^vaXV^ ^vVKwaJL^-asiA 
in no sense disagreeable, odor ; it soV\d\f\es aX — w^"* > atv^ t^Vk^os* \\^gox 
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Strongly. Its specific gravity equals 1.39 at 0°. It is very volatile, boils 
at 47°, and buniswitha blue flame to carbon dioxide and sulphur dioxide. 
When a mixture of carbon bisulphide vapors and oxygen is ignited, a 
violent explosion ensues: 

= CO, + aSCV 



h+&= 



In nitric oxide, the vapors burn with an intensely brilliant flame. On 
directing a strong current of air upon carbon bisulphide in a porcelain 
capsule (which conducts heat poorly), so much heat is absorbed by the, 
evaporation that the residual liquid solidifies to a white, snow-like mass 
which contains water. Carbon bisulphide is insoluble in water; but mixes, 
ID every proportion, with alcohol and ether. It dissolves iodine with a 
violet -red color, and serves as an excellent solvent for sulphur, phosphorus, 
caoutchouc, and the fatty oils. On conducting carbon bisulphide vapors 
over heated zinc-dust, all the sulphur unites with the zinc, forming line 
sulphide, while the carbon separates as soot : 

CS, + aZn = aZnS + C. 

Most metals react in a similar manner. 

Carbon bisulphide may be viewed as the anhydride of suiphoearbome 
add, H,CS,. The salts of this acid are obtained by the solution of car- 
bon bisulphide in alkaline sulphides (see Sulpho-salts, p. 333) : 
CS, -I- K,S = K,CS,. 

On adding hydrochloric acid to the solutions of these salts the sulpho- 
carbonic acid separates as a reddish-brown oil. This decomposes 
readily. 

The sulphur compound earrespondirig to carbon monoiMe ii not known : Ihere exists, 
however, one containing both oxygen >nd sulphur — carbon oxyaulphide, CUS. This sub- 
stance is produced (in imall quantity, because it decomposes ai about the same tempcrm- 
ture) when ■ mJiluR oT sulphur vapor* and carbon monoxide gas ii passed through red- 
bol tubes. 

It is most readily obtained from poUssium sulphocyanide. CN.SK (see Organic Cfaem- 
istiy) by the action of dilute sulphuric acid. Carbon oiysulphide is a colorless gas, with an 
odorremindineoneofhydragcnsulphide. It ispreseni in some sulphur springs. Thegasis 
very readily inflammable and bums with ■ blue name lo carbon dioxide and sulphurous acid. 

It is soluble in an equal lolume of water, decompoajng gradually (more rapidly in the 
presence of alkalies) into the dioxide and hydrogen sulphide : 

COS -f H,0 = CO, -I- HS,. 



CYANOQEN COMPOUNDS. 

or the compoond* of eaibon mention will also be made of those of cyanogen, as they 
are of iltipoitance in inorganic chemistry. 

Nitro^noua carbon compounds heated with potassium hydroxide yield potassium cya- 
nide, KCN, which with ferrous oxide forms the so-called yellow prussiale of potassium, 
K,Fe(CN)j. All the other cyanogen derivatives may be prepared from these two com- 
pounds. They all contain the group CN, called eyanogiH, It is similar to (he groups 
OH, NH^ CM,, tod it a nniva^i radical (pp. 167, \^V\. \a tSvtrowai \«\ik»»si «5it 
<7»aageagTxxp it terjtimilat to IhebaiogttauiAi^a^ group H^ <A ^liiM^it »s^\ ^v^ 
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the metals it forms metallic cyanides (KCN, AgCN) very similar to the haloid lalti. 
Hydrogen cyanide is evolved when the cyanides are heated with sulphuric acid : 

2KCN -h HjSO^ = K^SO^ + 2HCN. 

Hydrogen Cyanide, HCN, is a colorless, mobile liquid, of peculiar odor, and boiling 
at 27°. Like the halogen hydrides, it is an acid, forming salts with metals and bases, 
and is known as hydrocyanic or prussic acid. Both it and its salts are very powerfol 
poisons. If the CN group is separated from its salts it doubles itself, yielding dicy- 
anogen or free cyanogen, C,N, (NZIC-C^^N), because, like the other univalent groupi 
(as CH„ see p. 168), it cannot exist in a free condition. 



The heats formation of the simplest carbon compounds (from the diamood) aboire died 
correspond with the symbols : 

(C,0) = 26.3 (CO,0) = 68.3 (CO,) = 94.3 (CO„Aq) = 5.8. 

If an element combine with another according to multiple proportions, there usually 
occurs, in the union of the first atom, a greater disengagement of heat than with the fol- 
lowing atom. The numbers above, on the contrary, show that the union of the second 
atom of oxygen with carbon (C0,0) sets free 68.3 Cal. ; that of the first atom (C,0), 
however, only 26.3 Cal. This can only be explained by the fact that, for the vapor- 
ization and disaggregation of the solid carbon molecules, heat is necessary. If we 
assume that the direct union of the first atom also disengaged 68.3 Cal., it would 
follow from this that, in the dissociation of 12 parts by weight of carbon into gaseous free 
atoms, 42.0 (= 68.3 — 26.3) Cal. were absorbed. 



2. OXYGEN COMPOUNDS OP SILICON. 

Silicon Dioxide, SiO, {^Silica), the only well-known oxide of silicqn, 
is widely distributed in nature as rock-crystal, quartz, sand, etc. Quartz 
occurs in nature crystallized in figures of the hexagonal system, with the 
specific gravity, 2.6 ; these crystals are colorless, or colored by impurities. 

Quartz is a very widely distributed mineral. The following varieties, distinguished by 
color and general appearance, exist : Rock-crystal, colorless ; smoky quartz, brown ; 
morion, almost black ; citrine, yellow ; amethyst, violet, which on heating becomes yel- 
low. Common quartz is cloudy, slightly transparent, white or colored. It is an essen- 
tial constituent of granite, gneiss, quartz- porphyry, sandstone and other rocks. Special 
varieties of it are: fibrous quartz (tiger's-eye, Africa), the cat's-eye (Ceylon), etc. The 
gray homstone, the green chrysoprase and red or brown jasper consist of compact quartz, 
etc. 

Tridymite (rpidvfioif triplets) has the same composition as quartz and crystallizes in 
the hexagonal system. It is found in volcanic rocks. Its specific gravity is 2.3. 

Silica may be obtained in an amorphous form by igniting the silicic 
acid which separates from silicates, but in fusions it has been obtained in 
both crystalline forms. The natural anhydride always contains impuri- 
ties ; the purest is the colorless rock-crystal. 

Silicon dioxide is insoluble in water and in all acids; but is decom- 
posed by hydrofluoric acid with the formation of silicon fluoride (SiFl^) 
and water (p. 162). Strong ignition with sod\v\txv ox Y^V'as&\>iTcv \^dNv«& 
it Jn part to metallic silicon. The Tedv\c\\ow \% ie«L^\\^ t^^cXfc^\i^ n^^ 
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__~ of mciallic magnesium or aluminium [Gattennann, Ber. 2Z (1889'', I 
[iBd; Winkler, iM. 23 (1890), 2652; JaTirb. f. Cticm. V {1895). 8«]: ] 

SiO, + jMg = aMgO + Si. 

KThe dioxide prepared artificially dissolves when boiled wilh polassium OC | 
Elodinm hydroxide ; the natural unly when fint^ly divided [Jahrb, t. Chcm. 
tvil(i897), 85]. By fusion with ihc hydroxides or carbonaics of ilic alka- 
TKcs all varieties of silica yield a glassy mass (water -glass) soluble in water 
land containing silicates (K,SiO, or K,SiO,). Upon the addition of 
I hydrochloric acid to the aqueous solution of the polassium or sodium salt, 
[ « very voluminous, gelatinous mass separates ; this is probably nannal 
\ ■or erthosilicie acid, H^SiO, ; 

N«,SiOj + 4IICI = 4N«a + H,SiO,, 

lOrthosilicic acid is also formed in the decomposition of silicon fluoride I 
|"by water (p. 163). It liccomes a while amorphous powder having the I 
com|x)sition H,SiO, or 3SiO,.2H,0 when washed with water and dried I 
in the air. By strong ignition water is gradually ex]ielled until linally^ I 
the anhydride remains. The freshly preci|Mlaied acid is somewhat solu- 
ble in water, more readily in dilute hydrorhloric acid and in caustic stxla. 
On adding a solution of sodium silicate to an excess of dilute hydro- 
■ chloric acid the silicic acid remains dissolved. From the hydro- 
I'dloric acid and sodium chloride solution we can obtain a perfectly pure \ 
L aqueous solution of silicic acid by dialysis by proceeding in the fol- 
r lowing manner: 

Pour ihc hydrochloric acid lolatiun inlu ■ wi<le cylmttricnl rtuel, a. a. whose lowcf open- 
K is coiere^ wilh aninial bladder ot|Mrchin»ii pnpcr, ■□dilicrisuspcml the vessel (diily- 
n uiollier, b, conlaiuiiig pure walct (Fig. 67). Oaiiiosih luiw sel« In. Tlie MxUam 1 

Fic, 67, 

wide and hydrochloric acid pan through the nrchmenl paper into Ihe oulpt water. A, J 

n the other hanil, waler pBues from the ouler vessel into ihc dinlyjei ; 'beil 

\rA paper n not penncable to silicic acid. This allematc dillusioii of ihc diflerenld 

occun until ihe outer and inner liquids show the tame ijuantlty oT dillii>ilile mb-r 

,. Upon intttKliicing the dialyser inlo a fresh portion of waler, Ihe dfalyiii com- ] 

a anew. Finally, after repealed renewal of the eilcrnol water, the dialyier wBl , 

« petfrcllj pure silicic acid soluliun, free from Sodium diWvfte w>iViin:^*wc«.n 

"■e tolulioa may be cooceDtnted by evapoiMion ; \V <nco tcm-W.-) ^asaei'w*" 
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gelatinous mass. The same occurs instantaneously in dilate sdatioDS if a trace of lodiiim 
carbonate be added or carbon dioxide be led into it 

Like sodium chloride, all crystal lizable soluble substances diffuse througfa pMchment 
These are known as crystalloids^ to distinguish them from the noo^difiiisible coUoUs. 
To the latter belong gum, gelatine, albumin, starch, glue (ic^AXa, hence the name col- 
loid), and especially most of the substances which occur chiefly in vegetable and animal 
organisms. Like silicic acid these colloids exist in liquid, soluble, and solid gelatinous 
conditions. Many other substances (like ferric and aluminium oxides) which ofdinarily 
are insoluble in water, can be brought into aqueous solution by dialysis. 

For '' osmotic pressure" and the determination of molecular weights 
see Solutions. 

We have already seen that acids like sulphuric, phosphoric, and arsenic, 
are capable of forming anhydro- or poly-acids by the union of several 
molecules and the elimination of water (p. 214). Silicic acid is particu- 
larly inclined to that; form of condensation. It forms a large number 
oi poly-silicic acids, Si,0,(OH)„ Si,0,(OH),, Si,0,(OH)„ etc., derived 
from the normal and ordinary acid, according to the common formula: 

OTSi(OH)4 — «H,0. 

These poly-acids are not known free ; it appears, however, that many 
amorphous forms of silica occurring in nature, as agate, chalcedony, 
opal, which lose 5-15 per cent, of water by ignition, represent such poly- 
acids. The natural silicates are the salts of such acids. Agate consists 
of numerous layers of variously colored chalcedony, quartz and 
amethyst. The majority are derived from the acids H,Si,0,, H^Si,0„ 
HjSijO^, H^Si^O,,,, and others. Only a few silicates are obtained from the 
normal acid, e, g,, chrysolite, Mg,SiO^. 

Corresponding to carbon bisulphide, CS,, is 

Silicon Disulphide, SiS„ which may be made by heating amorphous silicon with 
sulphur, or by conducting sulphur vapors over an ignited mass of silica and carbon. It sub- 
limes in shining, silky needles, which water changes to silicic acid and hydrogen sulphide. 



Germanium, Tin and Lead belong to the group of carbon and sili- 
con. They yield the derivatives MeO, and Me(OH)^ (pp. 226, 227), but 
as they form lower oxides, GeO and SnO, which manifest a perfectly 
basic nature and unite with acids to form salts, and as these elements are 
thereby allied to the metals, they will be discussed under that division. 



TITANIUM. ZIRCONIUM. THORIUM. 

Ti = 48.1. Zr = 90.6. Th = 232. 

The same relation that vanadium, niobium, and tantalum show to the elements of the 

phosphorus group is manifested by the three elements titanium, zirconium and thorium 
for the silicon group (see Periodic System, p. 246). 

P = 31.0 V = 51.2 Si = 28.4 Ti = 48.x 

As = 75 Nb = 94 Ge =1 ^i Ta =^ op.^ 

Sb =120 Ta = 183 Sn = 11%.$ "S^i = i^x. 
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In mil theiT d^MftmeDto the; ttronglvreaemble tin ; thej poueu, howcTcr, > more mebU- 
Ik cbwacter id thdi deiirativci. The; are cjiudiivmlcni, affording compoundi or the 
fcnn MeXj, in wbkli X represeoti univalent elements and gioupa 1 those of the fnnn ' 
lleX|, ooncqniidtng to the stannous derivatives, are unluiown. 'I'he hydioiides, 
He(OH),aiid HcO(OHj„ have a stronger basic nature than stannic acid and form stable 
Mils with Kidl; Ibe btisicitjr increases successively with the atomic weiglils. Corre- 
yonrtingto ibis, the additj of the bydntes, >.f., their capability of exchanging hydrogen 
lor metals, gradnallT diminuhe*. Thorium hydroxide, Th(OH)„ is not able to form 
metallic aalts. 

TITAHtUM. 
Tl - 4S-I. 

This metal occurs in nature as titanium dioxide (rulile, anatose, brookile) and in titan- 
ales (perofskile, CaTiC^, menaccanite, FeTiO,). Free titanium is a gray, metallic 
powder, obtained by Beizeljui on heating potassium titanium fiuoride (K,TiFl,) with 
potassium. W6hler, however, was the first to recognize it as metal. It burns when 
beated in the air, and decomposes water on boiling. It dissolves in dilute hydrochloric 
■nd sulphuric acids, with e*olutioQ of hydrogen. 

Titanium Chloride, TiCI,, is formed, like silicon chloride, by conducting chlorine 
OTcr an ignited mixture of the dioxide and carbon. A colorless liciuid, of specific giarilj 
1.76, fuming strongly in the air (with decocnposilion into hydrochloric and titanic acids), 
ud tMHline at 136°, It solidilics at —as". The vapor density corresponds to the molec- 
focmuu TiCl^. It behates tike tin tetrachloride with water. A compound^^j'i/rn- 
iilamk acid, HjTiF,— and its salts are known. Thej correspond to hydrofluosilicic 
■dd. 

c Acid, H.TiO, (first obtained 



pbons powder, on adding a 



When dried o*et sulphuric add it loses t molecule of water and becomes 
TiOfOH),. Tilank add, like silicic and sUnnic acids, forms poly-acids. The hydrates 
diiKNTe in alkalies and strong adds, to form salts. On igniting the hydroxides we get 

Titaaium Dioxide, TiO„ which may be procured cryslallii^ as rutile, brookite, and 
aiutase. When igniled in ■ stream of hydrogen it changes to the oxide Ti,0,. Titanium 
dioxide i* almost insoluble in adds ; it is only dissolved by hydrofluoric acid. It forms 
ttlinstes upon fiiuoD with the alkalies. 

The hydroxides, TiO,H„ Ti(XH„ etc., conduct themselves as feeble bases with strong 
adds and afford salts with them {r.g., TiO.SO,), which ere decomposed by water. The 
alkaline titanates (K.TiO,) are very unstable. Other ilianates occur in nature, e.g., 
CaTiO„ MgTiO„ and the so-called titanic iron, FeTiO,. 

Titaniiun also forms derivatives after the types, Ti.O, and TiO, f. g., Ti,Cl,and Ti.CI,. 
The sesquioxide compounds are Usually green Or Tiolet In color, while those of t!ie mon- 
oxide form are black or brown. 

Titanium yields larious compounds with nitrogen. When the dioxide is heated in 
arnmonia gas, a dark-iiolet powder of the composition TiN, results. The compound 
T1.CN4 — the so-called cyan-titanium nitride — is sometimes found in copper-red, metallic 
cauiei, ID blut-fumace slag, when Iran ores, contajoing titanium, have been fused. 



ire in nature, but is generally found in slicates, and espedally as 
Free lirconium, like carbon, is known in three atlotropic form.«. On 
.. m lircoaium fluoride with aluminium L. Tmnst obtained it in brilliant, 
I, Steel-gray, flat leaflets, of specific gravity 4.15, which burned in the oxyhydrogen 
name (a the dioxide. L. Troost also isolated the graphitic form. The amorphous variety 
was observed l>y Beizelius, who was the first chemist after Klaproth, its discoverer, to 
engage in a study of zirconium. He obtained it by the method used for titanium and 
gMitas a black powder which burnt readily. Zirconium letischloride, ZrCl,, and fluoride, 
ZrFl„ arr rery atnilar la the corresponding titanium com^iounds. 
Ziimaie Mad. Zr(OH}^ is not definitely known. MctM,w«m«i ami, XiSiV'^l\V,-.> « 
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precipitated on adding ammonia water to acid solutions, in the form of a white, Tolomi- 
nous mass, which yields zirconium dioxide, ZrO,, upon ignition. A colorless, trmnspaient 
crystalline modification is known — isomorphous with rutile and cassiterite. Metazircomc 
acid is insoluble in caustic potash and soda ; it only forms zirconates, Na^ZrO. and Na^Zr04, 
when fused with alkalies and alkaline carbonates. Water decomposes these salts wiui 
the liberation of alkali. Freshly precipitated metazirconic acid, ZrO(OH),, dissolves 
readily in strong acids. Zirconium dioxide is soluble in hot, concentrated sulphuric add, 
forming Zr(S(J^)2, which can also be obtained from aqueous solution in crystals, 
Zr(S04),.4H,0. 

In late years zirconium dioxide has become of great importance for illuminating pur- 
poses. It is, therefore, prepared in large amounts from zircon. The finely pulverized 
mineral is mixed with carbon and while being gently heated chlorine is conducted over 
the mixture when silicon chloride, SiCL, and zirconium chloride, ZrCl^, are produced ; or 
the mineral is decomposed with hydrofluoric acid. Berzelius noticed the light emission 
power of the oxide when it was heated. Caron (1868) determined its value for the tem- 
perature of the oxyhydrogen flame and Tessi6 du Mothay endeavored to utilize it practi- 
cally. Linnemann ( 1885) made the oxide into thin plates and soon thereafter W. Kochs 
succeeded by a peculiar process in shaping it into any desired form. The durability of 
the zirconia light giving bodies in the oxyhydrogen flame, the fact that they do not decom- 
pose in the air, that the light which they difluse is intensely white (its continuous spec- 
trum includes the Fraunhofer lines from A to H) render it superior to the Dmmniond 
lime light. It is extensively used for projection lamps, for photography and in optical 
researches. 

THORIUM. 
Th = 232. 

Until recently thorium was only known as a constituent of certain rare northern min- 
erals. Berzelius first discovered it in the thorite from Arendal,. later Wdhler found it in 
pyrochlore, and Kersten in monazite. Small amounts of it are present in' many orthites. 
Its application to illuminating purposes has created a demand for lai^ge quantities of it 
and at present it is isolated from a rich monazite deposit in McDowell County, N. C. 
That mineral contains 5.6 per cent, of thorium oxide. 

Free thorium has been obtained as a gray, crystalline powder of specific gravity II.O by 
reducing potassium thorium fluoride or potassium thorium chloride with metallic sodium 
or potassium. Its specific heat is 0.0276. It bums, when heated in the air, to dioxide, 
thoria, ThOj. l^he metal is easily soluble in concentrated sulphuric acid, nitric add, and 
hydrochloric acid. It is not soluble in the alkalies. The tetrachloride, ThCK, results 
from the action of hydrogen chloride upon metallic thorium ; it melts at a white heat and 
sublimes in white needles. Its vapor density corresponds to the formula ThCl^. It is 
soluble in water and separates in crystals of the formula ThCl^ . 8HjO. It forms crystal- 
line double salts with the alkaline chlorides. The fluoride, ThFl^. js a white powder, 
insoluble in water. The hydroxide, Th(OH)4, is precipitated as a white jelly on adding 
ammonia water to thorium salts. The hydroxide, ThO(OHJ„ is not known. On heat- 
ing thorium hydroxide, Th(OH)^, the dioxide, ThO,, is obtained. The latter is not 
soluble in dilute acids ; it is, however, converted into thorium sulphate, Th(S04)„ when 
acted upon with concentrated sulphuric acid. The sulphate dissolves readily in cold 
water and crystallizes from the same in colorless, brilliant needles of the formula 
Th(S04), . qHjO. When its aqueous solution is heated almost all of the sulphate sepa- 
rates as a woolly mass, which on cooling, slowly dissolves. The hydrate and dioxide do 
not form salts with the alkalies. The isomorphism of thorium dioxide with uranium 
dioxide, and thorium sulphate with uranium sulphate is very interesting. 

Thorium dioxide is even more valuable for lighting purposes than zirconium dioxide 
because it gives forth a blinding light at the temj^erature of the Bunsen flame — light rays 
of every refrangibility are emitted. Auer von Welsbach has utilized this property in a 
gas-light. Fine-meshed material of cotton or linen saturated with a solution of thorium 
nitrate and a little cerium nitrate, surrounds the colorless flame of a Bunsen burner. 
When the vegetable material has burned away a mantel of thorium dioxide and cerium 
oxide remains, which has the exact form of the ot\^ma\ swVi?\a.v\cie, ^w^ ^uv\V% ^\vc\>fS\v^ 
clear, soft light. The ordinary " glow -mantles '* conlam «i\>ouV 9%-99 V^^ ^^^'^ iA^\^>vn»^ 
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eiactlf Ihis miKlure which afTonlitlie desired white 

e inteiue emiuioD power Bunle believes ii due lo the aiUlytic aclion o( finely 

^uin oxide, which ouses b rapid combustion Bnd consenuently a high tcm- 

Hence in the Welsbach nunlle the Ihnrium oxide simply bcU u b stable, 

Tiier ior the cerium oxide. 



This element is generally classed with the metalloids, and stands 
isolated among them; it fonns the transition from these to the meials, 
which is manifest from its position in the periodic system. On ihc one 
side, especially when free, it resembles car)wn and silicon ; on the other, 
it approaches the metals, beryllium, aluminium, and scandinm (see the 
Periodic System of the Elements). As recently observed, it alTords a 
gaseous hydride, but it is not very stable, and, like atibine, may be easily 
decomposed into its constituents. Its oxide, B,0,, although really of an 
acid nature, approaches such metallic oxides as aluminium oxide, A1,0„ 
which functionates both as base and acid. Boron is trivalent, and yields 
only compounds of the form BX,. 

It is found in nature as boracic acid and in the form of borates, like 
borax (sodium salt), boracite (aMg.B.O^ + MgCl, ; Slassfurt). Boron 
exists in two allotropic modifications ; amorphous and crystalline. 

Moissan made amerfMimi borcm by igiiiling b mixture of freshly fused boric acid with 
magnesium powder, free from iron. By B rather circuitous treatment of the fusion the 
boron ( with 1 per cent, impuriliesj is obtained as a black powder of specific gravily 1.4$. 
The ptiiducl obtained heretofore by other methods, and belieied lo be amorjihous boron, 
was a mixture of boron, iron boride, boron nitride, etc. The bonin of Moissan ignites 
at 700° in the air ; at higher lemperatuies lulphur, chlorine, bromine, nilri^rn, silver 
and platinum combine readily with it It has a great affinity for oxygen, hence acts 
as a powerful reducing agent. When rubbed tc^ether with lead dionide explosion 
occurs. Oxygen acids ore comparatively easily reduced by boron ; potassium perman- 
ganate, silver nitrate and ferric chloride suffer this change in the cold. 

The €ryttaUinf variety may be obtained by igniting boron trioxide with aluminium. 
The boron, separated by the aluminium, dissolves in the excess of the latter, and crystallizes 
from it on cooling ; upon dissolving the aluminium in hydrochloric acid tbeboriiii remains 
in shining, tnnspereni, quadratic crystals, which are more or less colored, nnd have a 
specific gravity of 3.63. The crystals are not pure boron, but contain aluminium and car- 
bon. In their luster, refraction of light, and hardness, they resemble the diamond. 
Crystalline boron is more stable than the amoiphoDS; it does not oxidiie upon iKnitii>n. 
and is only slightly attacked by acids. Fused with potassium and sodium hydroxide both 
modifications yield borates. 

Boron Hjrdride, probably BH,, ti only known mixed with hydrogen. It results 
when hydrochloric acid acts upon magnexiuin boride. A solid boron hydride is produced 
on hcBting boron trioxide with sodium, or borax with magnesium powder. It has not 
been obtained pure. 

Boron Trichloride, BCt,, may be prepared by heating boron in 
chlorine, or conducting a stream of the latter over an ignited mixture of 
the trioxide and carbon (see Silicon and Aluminium Chlorides) : 
%0^ + 3C + 30, = iBQ, + iCO. 
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It is a colorless liquid, of specific gravity 1.35, and boiling at 17^. Its 
vapor density corresponds to the molecular formula BCl,. The liquid 
fumes strongly in the air and is decomposed by water into boric and 
hydrochloric acids : 

BCl, + 3H,0 = B(OH), -f 3HCX 

The trichloride also results from the action of the pentachloride of 
phosphorus upon boron trioxide : 

BA + 3PCI5 = 2BCI, -f- 3POCI,. 

Boron Fluoride, BFl,, is similar to silicon fluoride, and is produced 
according to the same methods, by the action of hydrofluoric acid upon 
the trioxide, or by warming a mixture of the trioxide and calcium fluo- 
ride with sulphuric acid : 

B,0, + 3CaFl, + 3H,S04 = 3CaSO^ + 3H,0 + 2BF1^ 

It is a colorless gas, fuming strongly in the air, of specific gravity 66 

(O, = 32), and may be condensed to a liquid imder strong pressure. It 

dissolves very readily in water (700 volumes in i volume), producing 

Hydrogen Borofluoride, BFl^H (== BF1,.HF1), which remains in 

solution : 

4BFI, ^ 3H,0 = 3HBF1^ + H,BO,. 

The reaction is analogous to the formation of hydrofiuosilicic acid 
from silicon fluoride (see p. 163). Hydrogen borofluoride is a monobasic 
acid, only known in its solution and in its salts. 

Boric Acid, H3BO, = B(OH)„ occurs free in nature and in 
salts. In some volcanic districts, esp>ecially in Tuscany, the steam 
escaping from the earth (fumeroles, etc.) contains small quantities 
of it. These vapors condense in small natural pools, or are conducted 
into walled basins. By concentration of the aqueous solution, boric 
acid separates. To prepare pure boric acid, precipitate a hot solu- 
tion of borax with nitric acid. The acid separates in colorless, shining 
scales ; it dissolves in 25 parts of water at 14°, or in 3 parts at 100®. The 
solution shows a feeble acid reaction with litmus; turmeric paper, 
moistened with it, is colored red -brown after drying. On boiling the 
solution, boric acid escap>es with the steam. An alcoholic solution 
of the acid burns with a green flame. These reactions afford a ready 
means for its detection. 

When heated to 100'*', the acid loses one molecule of water, and passes 
into the anhydro- or meta-acid, HBO,, which at 140** is converted into 
tetraboric acid, H,B^O^. When ignited, boric anhydride or Boron tri- 
oxide^ BjO,, is produced. This is a fusible, glassy mass, of specific 
gravity 1.8, and is slightly volatile at a very high heat. Water dissolves 
the anhydride to boric acid. 

It is a very weak acid ; and can be expelled from its salts by most 
other acids. By fusion it removes most acids from their salts, in con- 
sequence of the difficult volatility of its anhydride. 

SaJf.s of normal boric acid, B(OH\, are i\oV Vtvo^tv, >n\v\\^ ^^ oiJcv^^^ 
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B(O.CH,)„ are. The salts of meUboric acid, BO. OK, can be obtained 
crystallized, but they are very unstable. They are decomposed by car- 
bon dioxide with production of salts of tetraboric acid : 
4N«BO, + CO, = Ns,B,0, + Nb,CO,. 
The latter, from which the ordinary borates are derived (see Borax), 
may be viewed as an anhydro-acid, produced by the union of four mole- 
cules of trihydric boric acid (compare p. 238) : 
4B{0H), — sH.O = H,B,0,. 

On beating anunphaus boron in a stream of nitrogen or ammonia, ot by igniting a 
miituie of the Irioiide and carbon in nitrogen ras, there is formed Boron nitride, UN. 
This ii a white amorphous powder, which gives hirlh an eitremely intense greeni^- white 
light when healed in a gas flame. Boric acid and ammonia result when steam at 300° 
U conducted over the miride : 

BN + 3H,0 = B(OH), + NH,. 

In the heal of the electric furnace carbon unites with boron lo Boron carbidt, B,C, 
which is Teij similar to carborundum, but is harder than the latter. It consists of black, 
brilUanl OTSlali, of qjedBc gravity a.5. It is exceedingly stable <,Moissan). 



PERIODIC SYSTEM OF THE ELEMENTS. 

In the preceding pages we have studied the non metals and their com- 
pounds with hydrogen, the halogens and oxygen. In their entire 
behavior they arrange themselves in four natural groups, the members of 
which show unmistakable family similarities. It is only in the c^e of 
boron and of hydrogen and the new constituents of air that allied mem* 
bers have not been found. Attention has been repeatedly called to the 
gradation in the similarity of the group members, which seems to increase 
with the rise of the atomic weight, and also to the relations of the various 
groups lo one another — relations observed among the metals. All these 
points appear more striking and more regularly, if the elements be con- 
sidered in the arrangement which the periodic system assigns [hem. 

From the time the first atomic weight determinations were made, regu- 
larities between the atomic weights and the properties of the elements 
were thought lo exist. One of the first chemists to surmise this was J. 
W. Dflbereincr, whose views were clear and definite in contrast to the 
fantastic, mathematical sophistries of many of his successors, especially 
those of the Frenchman Chancourlois, who recently has been unjustly 
heralded as the forerunner of D. MendelejefT and Lothar Meyer, the 
founders of Ihe periodic system.* 

•See Dobereiner, Pogg. Ann. 15 (1819), 301 ; I.othar Meyer, Ann. Chem. .Suppl. 
7 (1871), 3S4; MendelejefT. ibid., Suppl. 8 (1872), 133; reprinted in Nos. 66 and 
68 of Ostwald'i Klassiker der eiakten Wissenschaflen. For the history of the sys- 
tem let MendelndT, Principles of Chemistry (1891), 683, 691; L. Meyer. Modem 
Tbconett^Cbemmj (iSSj) ; also K. Seubert, I, f. aww^. Okto.. -i V*^Vi' ^Vv 
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Arranging the elements according to increasing atomic weight 
observe that similar elements return after definite intervals. Thus they 
arrange themselves in several periods : 



I. Li 


Be 


6 


C 


N 


O 


Fl 


2. Na 


Mg 


Ai 


Si 


P 


s 


a 



{ 



3. K Ca Sc Ti V Cr Mn i Fe Ni Co I Cu Zn Ga Cks As Sc Br 

4. Rb Sr Y Zr Nb Mo — : Ru Rh Pd i Ag Cd In Sn Sb Tc I 

5. Cs Ba La (Ce Nd Pr) — i — — — j — — — — — — — 

6. — — Yb — Ta W — i Os Ir It ! Au Hg Tl Pb Bi — — 

7. -. Th- U -!-- -I- 



Hydrogen has no family : it alone would form the first period, and is 
therefore omitted, as are also helium, argon, and the other recently dis- 
covered constituents of the air, because their chemical nature is not 
known ; the positions of tellurium and iodine have also been exchanged, 
on the presumption that the atomic weight assigned tellurium at present 
is too high. 

The period system^ or the law of periodicity^ which is indicated by this 
arrangement, declares that the properties of the elements are periodic func- 
tions of their atomic weights. 

The first two seges, lithium (Li) to fluorine (Fl), and sodium (Na) to 
chlorine (CI), present two periods of seven members each, in which the 
corresponding (above and below) members exhibit a great but not com- 
plete analogy. Sodium resembles lithium; magnesium, beryllium; chlo- 
rine, fluorine, etc. Then follow two periods, consisting of seventeen ele- 
ments each : potassium (K) to bromine (Br), and rubidium (Rb) to iodine 
(I). The series 5 and 6 are incomplete, and together probably constitute a 
period. In the seventh series there are as yet but two elements: thorium 
= 23^2 and uranium = 239.5. Thus result three great periods^ whose cor- 
responding members exhibit an almost complete analogy: the elements 
K, Rb, Cs; Ca, Sr, Ba; Ga, In, Tl ; As, Sb, Bi, etc., are so similar that 
they remind us of the homologous series of the carbon compounds (com- 
pare p. 153), and, therefore, can be designated as homologous elements. 
It is only in the third great period (series 5 and 6) that the middle 
members exhibit any variations. 

Now on comparing the three great periods with the two small ones, we 
discover that the first members are analogous to each other; K, Rb, Cs, 
resemble Na and Li ; Ca, Sr, Ba, resemble Mg and Be. Then the simi- 
larity gradually lessens, disappears apparently in the middle members, 
and only appears again toward the end of the periods : I and Br resemble 
chlorine and fluorine; Teand Se, sulphur and oxygen ; Bi, Sb, As, phos- 
phorus and nitrogen, etc. The character or the function of the three 
great periods is therefore other than that of the two small periods. But 
in all five periods we can detect a gradual, regular alteration in the prop- 
erties of the adjoining heterologous elements. This is particularly mani- 
fest in the measurable physical properties, all of which show a maximum 
or minimum in the middle of the periods (of both the great and the 
small). 

The rame regularity exhibits itself eyeri \xv c\v^m\ca\ '^xo^x\A«s»,m>^^ 
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two small periods, especially in the valence of the elements in their com- 
poundswilh hydrogen or the hydrocarbon groups CH„ C,H,, etc. (desig- 
nated by R; compare p. 247)- The hydrogen valence rises and falls 
periodioUly with the specific gravity : 



I 



II 



tit 



IV 



in 



II 



OH. 



NaR MgR, AIR, Sill, 

On the other hand, the maximum valence of the elements wilh refer- 
ence to oxygen increases gradually if chlorine be regarded as septivalent 
in perchloric acid (pp. 171, 173): 

! H HI IV V VI VII 

N»,0 MgO Al,0, SiO, P,0, SO, (C1,0,). 

The chemical valence expresses itself somewhat differently in the three 
great periods. In them we \vx<ik a, double periodicity ; thus, e. ;., with Ihe 
salt-forming oxides: * 

I n 111 IV V VI VII 

K,0 C«0 SCjO, TiO, V,0, CrO, Mn,0, 

II II III IV V VI VII 

CuO ZnO CJ»,0, UeO, As,0, (SeO,) (Bt,0,). 

In consequence of this double periodicity, the first seven and the last 
seven members of the two great periods, with respect to their valence 
(and consequently also their compounds), resemble the seven members 
of the two small periods. To bring out this double periodicity and 
analogy, the first seven and last seven members of the great periods are 
divided into two series, and arranged under the corresponding seven 
membera of the small periods. 

In this way the three middle members of the great periods (which are 
found between the dotted lines of the table, p. 344) come lo stand apart, 
as they have no analogues. In this manner arises the following table, in 
which the seven (or ten J vertical columns include homologous elements: 



N> 



In the table (on p. 246) we have presented the same grouping of the 
elements, together with their atomic weights, given in round numbers. 
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*The elemenU ue given bere with iheit highul oxj^en valence. PerbTomic anhy- 
diidr, Bi^(X, and selenic anhydride, 5eO,, have not been prepared, although s '' 
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cated for (hem bjr the sjsXtm. All such alterations have been confiniied by recent inves- 
(igations. llie series of gold, iridium, platinum and osmium did not accord Hilh ihc 
system, which rather demanded the following ; Usmiuia, iridium, platinum and gold. 
This requiiement was satined by a redetermination of the atomic weights of these ele- 
ments m Seuben rAnn. Chem. (1S91) aCi. 272]. Hence, the periodic system offers a 
control for the numbei? of the atomic weight, while rormerly they appeared to be irregu- 
lar, and, at the some time, acddenlal. We are consequently justiheil, until we have 
mart evidence to the contrary, in assuming that Ihedclerminations of the atomic weight of 
tellurium have placed that value too high. If it should hrially be proved to be greater 
than that of iodine, then the periodic system would be seriously affected in its founda- 
tion ; it would then lose its claim to being a natural law — for this would not tolerate an 
exception. 

MeodetejefT, on the basis of the periodic system, predicted in a manner similar to 
that shown by Leirertier in bis precalculation of neptune, the existence of new, not yet 
known, elements which correspond to unoccupied, free places or gaps in the table. 
In fact, three such gaps have been filled by the discovery of gallium, scandium, and 
germanium ; their properties have shown themselves to be perfeclly accordant with 
those deduced from the periodic system. [It may be stated here that DObeieiner, on 
the basis of the iaw of Triads,— CI, Br, I ; Li, Nh, K ; Ca, Sr, Ba, etc. : --jt-' = Br, 
etc., — predicted two elements, which should form a triad with fluorine, and one a 
complete series with phosphorus and arsenic, but the prediction has not been realized. ] 
At present, only the first homologue of manganese (with atomic weight of about too) is 
wandng. In die very incomplete series of period V, it is probable that the poorly in- 
vestigated elements mentioned on p. 37 will find place (see p. 244). 

The entire character of a given element is determined to a very high 
degree by the law of periodicity; hence, all physical and chemical 
properties of the same are influenced by its positiort in the system. 
These relations we will examine more closely in the individual groups of 
the roetals, and here confine ourselves to a notice of some general rela- 
tions, and the connection of atomic weight with the chemical valence of 
the elements. 

TIic relation of metalloids to metals is shown with great clearness in 
the periodic system. The first membersof all periods (on the leftside) 
consist of electro-posit ive metals, forming the strongest bases, the alka- 
lies — Cs, Rb, K, Na, Li, and metals of the alkaline earths— Ba, Sr, Ca, 
Mg, and Be. The basic character diminishes successively, in the follow- 
ing heterologous members, and gradually passes over into the electro- 
negative, acid-forming character of the metalloids Ft, CI, Br, I. Here 
is observed that, in the periods following each other, with higher atomic 
weights, the basic metallic character constantly exceeds the mctalloidal. 
The first period comprises five metalloids (B, C, N, O, Fl), the second 
only four (Si, P, S, CI), the fourth and fifth periods each only three (or 
two) metalloids (As, Se, Br, and Sb, Te, I), which, at the same time, 
become less oegativc. With the metalloidal nature is combined the 
power of forming iv/0/f7r hydrogen compounds. Similar volatile deriva- 
tives are also afforded by the metalloids with the tinivalent hydrocarbon 
groups (as CH^ C,H,, C,H„ etc.), which resemble hydrogen in many 
respects. Such metallo-organic compounds, in which the elements show 
the same valen<:e as in the hydrogen compounds, ate also produced by 
the metals adjacent to the metalloids : 

ri III tw m w ■v 

I^CH^t A1(CH,). S(CH.), ttCH»1» ?ACH^^, OCAv 
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Their stability gradually diminishes with the increasing basic nature of 
the metals ; hence, in the three large periods, this power extends only to 
Zn, Cd, and Hg. 

In consequence of the opposite character of the two ends of the periods, 
there are in the table representing the double periodicity of the great 
periods (pp. 244 and 246) two sub-groups each, with the seven vertical 
groups ; on the left with the more positive, basic, and on the right with 
the more negative, metalloidal elements. Thus in group VI, in addition 
to O and S (belonging to the small periods) stands the more basic sub- 
group Cr, Mo, W, and the metalloids Se and Te ; in group II stand the 
strong basic metals Ca, Sr, Ba, and the less basic heavy metals Zn, Cd, 
Hg. The elements of group VIII form the gradual transition from the 
latter to the former. 



Periodicity of Chemical Valence. — Group I of the table com- 
prises the univalent metals, group II the bivalent. In group III are the 
trivalent metalloid, boron, and the trivalent metals Al, Sc, Y, and Ga, 
In, Tl. In the quadrivalent carbon group the valence arrives at its maxi- 
mum ; from here it gradually decreases with increasing atomic weight ; 
the nitrogen group is trivalent, the oxygen group is bivalent, that of the 
halogens univalent. This valence is derived from the compounds with 
hydrogen and hydrocarbons (compare p. 247), or where such do not 
exist, as in the case of boron and many metals, from the halogen com- 
pounds : 

IV III 11 I 

CH^ NH, OH, FIH 



I 


II 


III 


IV 


III 


II 


I 


LiCl 


BeCL 
MgCf, 


BO, 


ca, 


NCI, 


OCL 


Fl, 


NaCl 


AlCl, 


sia^ 


PCI, 


SO, 


CI,. 



The elements of the first four groups are not capable of yielding higher 
compounds with the halogens.* On the other hand, as we have seen, 
the higher analogues of nitrogen and other metalloids can unite with a 
larger number of halogen atoms (see pp. 169, 1 70). The higher valence of 
these elements is more manifest in the more stable oxygen compounds. 
On bringing together the highest oxides of the seven groups capable of 
forming salts (salt-building oxides), we get this series: 



I 


II 


III 


IV 


V 


VI 


VII 


Li,0 


BeO 


BA 


CO, 


NA 


so. 


(lA). 



The elements of the first four groups in their oxygen compounds 
exhibit, consequently, the same valence as in the compounds with hydro- 
gen (or hydrocarbon radicals) and the halogens; in the last three series, 
however, there is noticed a constant increase of valence for oxygen. f 

* Recently halide derivatives of caesium and rubidium of the formulas CsM, and 
CsMj have been prepared (see Caesium). 

I The compound SjO^, sulphur heptoxide (p. 188), evidently docs not (It in. Kete. It 
very probably belongs to the true peroxides wilVi lYie c>\a\Tv -0-0-, «i ^&»aX \V& wwos^o- 
siu'on does not give a definite answer as to the vaVcnce oi swXpVvut. 



PERIODIC SYSTEM OF THK ELEMENTS. 349 

Besides these highest oxides, remarkable for their greater stability, the 
elements of the last three groups afford lower oxides, returning in this 
Duurner to the hydrogen valence : 

III IV V 

PA so, 1,0, 
II III 
SCI, (Cl,OJ 
I 
Cl,0 



PH. SH, CIH. 

The hydroxyl compounds of the elements of the seven groups are anal- 
ogous to (he oxides in constitution. They afford the following series, 
expressing the maximum valence (compare p. 169) : 

I II III IV V Vi VII 

N«(OH) Mg{OH), AI(OH), Si(OHj, P(OH)j S(OH), CI(OII),. 

The hydroxyl compounds of the elements of the first four groups exist in 
free condition, excepting that of carbon, C(OH)„ which is only repre- 
sented in its derivatives. The strong basic character of the hydroxides 
of group I (NaOH) diminishes, step by step, in the succeeding groups, 
down to the weak acid hydrate, Si(OH),. llie hydrates of the last Ihree 
groups are of acid nature, and mostly unstable or not known. By the 
elimination of one, two and three molecules of water they yield the 
ordinary acids; 

V VI VII 

PO(OH), SO,(OH), CIO,(OH). 

Pbotpboric acid. Sulphuric acid. Pcicbloric ukl. 

The non-saturated hydroxides behave in the same way : 

III IV V 

PtOH), S(OH), CI{OH), 

III 

. . CI (OH), 

. . a{OH). 

Sulphurous acid, SO(OH)„ is derived from the hydrate, S(OH),; 
chloric acid, CIO,. OH, from the hydrate, CI(OH),; and chlorous acid, 
CIO.OH, from the hydrate, CI(OH),. The hydrates, PtOH), and 
ClOH, are very unstable, and the first appears to pass readily into 
HPO(OH), (compare p. »i5). 

It has been already shown in the case of periodic, sulphuric, and nitric 
acids, how the so-called hydrates with water of crystallization (regarded 
as molecular compounds) are explained by the acceptance of the exist- 
ence of such hydroxyl derivatives. The same may be done for many salts 
with water of crystallization. 

Thus, we see, and in the following pages will find it more extensively 
developed, that the relations of valence of the elements have their com- 
plete expression in the periodic system, are regulated by it, and hence 
we must coadttde that, in fact, the va\ence w fto^ 0^^ a. ij^'a^w^ i»x- 
taching to the elements ptr te, but is influenced a.\ao'\>-i vVt -wiX-ck*. la^-iK*. 
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combining elements ; the hydrogen valence is constant^ the valence of 
oxygen and the halogens, on the contrary, varies according to definite 
rules. Valence, therefore, is a relative function of the elements (p. 169). 

The periodic system, the natural division of the elements, apparently 
emphasizes the fact that the atoms of the chemical elements are aggrega- 
tions or condensations of one and the same primordial substance — the 
unity of matter, which corresponds to the unity of force already known 
to us. It is only by assuming a primordial substance that the periodic 
dependence of the properties of the chemical elements upon the magni- 
tude of the atomic weights can be comprehended. 

It was suggested that hydrogen was this original substance, because it 
appeared as if all atomic weights had to be expressed in whole numbers 
— that is, multiples of the atomic weight of hydrogen, taken as unit 
(Prout 1815, Meinecke 1818). More accurate determinations, made 
with exceeding care by Stas, demonstrated this not to be true in all 
cases [J. S. Stas, Untersuchungen flber die Gesetze der cheroischen Pro- 
portionen, Qber die Atomgewichte und ihre gegenseitigen Verhaltnisse, 
£>eutsch von Aronstein, Leipzig, 1867]. The inquiry was then made as 
to whether the variations of the atomic weights from whole numbers 
could not be occasioned by definite amounts of ponderable ether enter- 
ing or escaping in the chemical transposition of bodies. The experi- 
ments of H. Landolt on this point gave a negative reply, thus cutting 
off the last avenue which remained open to the hypothesis of Prout and 
Meinecke [Ber. 26 (1893), "> 1820]. 

It must be borne in mind, however, that it is not only the atomic 
weight which influences the properties of an element, but that the molec- 
ular weight and the energy of the molecule exercise great influence in 
this direction. The occurrence of allotropic modifications of an element 
can only be explained on this assumption. These, in their general 
deportment, often differ more from one another than two different but 
related elements. Phosphorus in its varieties is a most striking example. 
Similar relations- have been noticed with carbon — soot, graphite, dia- 
mond, and with oxygen — ordinary oxygen and ozone. It is only the 
power of uniting a definite number of different atoms which remains in 
all varieties of one element. Thus, red phosphorus on oxidation yields 
the same oxides and acids as the yellow, and by burning the diamond the 
same carbonic acid is produced as with soot and graphite. The valence 
which one element shows with reference to other elements, is, there- 
fore, primarily a function of the atomic weight. Its physical properties, 
on the other hand, are also dependent upon the molecular weight and the 
energy of the molecule. 

The law underlying the periodic system will only he recognized perfectly 
and in its entirety when it becomes possible to deduce the properties of the 
different varieties of an element from the atomic weight of the latter. 

Again, these allotropic modifications indicate that bodies can be formed 
by a different arrangement of similar atoms, and it is only by keen scien- 
tific observation that varieties of one and the same substance can be 
detected. The elements could s\m\\aT\y cot\s\s\. ol '^2LX\t\A«& ox ^^\.\a^\^ 
forms of some one primordial form of maUet. 



THE METALS. 



Although there is no sharp line of demarcation between metals and 
non-metals, yet these two classes of bodies are characteristically distinctive 
in their entire deportment, as may be plainly seen in the periodic system 
of elements. In physical respects the character of metals is determined 
by their external appearance and by their ability to conduct heat and 
electricity; chemically, itshows itself chiefly in the basicity of the oxygen 
compounds; yet vre see that with theincreaseof the number of the oxygen 
atoms, the basic character gradually diminishes and becomes acidic. 
Gaseous compounds of the metals with hydrogen are not known. 



PHYSICAL PROPERTIES OF THE METALS. 

At ordinary temperatures all the metals excepting mercury are solid, 
slightly volatile bodies. They are opaque, and only a few, like gold, 
permit the passage of light to a limited extent when beaten into thin 
leaflets. In compact mass they exhibit metallic luster and mostly possess 
a whitish-gray color; gold and copper are, however, brilliantly colored. 
In powder form almost all the metals are black. 

Most of them crystallize in the forms of the regular system ; only a 
few, showing a metalloidal character, are not regular. Thus antimony 
and bismuth crystallize in the hexagonal system, and tin is quadratic. 

The specific gravities of the metaJs vary greatly, from 0.59 to 22.5, as 
seen from the following arrangement : 



Lithinm, 
Potassium, 

Rabidiam, 
Caldnin, 
Mkgn«aum, 
AlDnunimn, 



o.<9 
0.87 



3-7S 



GennBnimn, 


S-47 


Le.d, 


Zinc, 




PalUdiun 




;;i 


Thalliam 


Iron, 


Mercury. 


Cob«ll, 




Gold, 




8.C 


Pl-linum, 








Silver, 


IO.S 


Osmium, 



In general the specific gravities of the metals, and also those of the 
metalloids, increase with the atomic weights ; they stand more especially 
in sharp periodic dependence with reference to the latter. The first 
members of all periods possess low specific gravities; the latter grow 

* Liquid ; soWd = iv*- 
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gradually until the middle of the period, when the maximum is attained, 
and then they again decrease (p. 245). These relations show themselves 
more fully if, instead of the specific gravity, we compare the specific 
volumes or atomic volumes; /. ^., the quotients from the atomic weights 
(A) and specific gravities (d) : 

-=- = specific volume. 

These quotients express the relative value of the atoms (in solid or 
liquid state). Thus the atomic, volume of lithium (J^\ = 11. 9, that 



of potassium (^^) = 45*o; /. e,, the potassium atom occupies a space 

3.8 times larger tnan that of the lithium atom. The periodic alterations 
of the atomic values are in opposition to those of the specific gravities, as 
the former are obtained by the divisioh of the atomic weights by the 
specific gravities. Therefore, the atomic volumes decrease gradually, 
commencing with the first members of the periods, attain a minimum in 
the middle of the periods, and then increase again up to the last mem- 
bers. On the other hand, we find that with the homologous elements 
(the vertical series) an increase in the atomic volumes almost invariably 
occurs as the atomic weights increase. 

The metals whose specific gravities are less than 5 are termed ligA/ 
metals, the rest hgavy metals. The naturally occurring compounds of the 
heavy metals are termed ores. 



Most metals are very malleable and tenacious, hence can be beaten into 
thin plates and leaves, and drawn out into wires ; gold and silver are the 
most malleable. A few, like bismuth and tin, possess a metalloidal char- 
acter, are brittle, and may be pulverized like antimony and arsenic. 

Heat will fuse all metals, although some require high temjseratures. 
The fusing points of the most important of them are the following : 



Mercury, — 39® 

Rubidium, -f 380 

Potassium, 62° 

Sodium, 96° 

Tin, 230° 

Bismuth, 265° 

Cadmium, 320° 

Lead, 330° 

Zinc, 420° 



Aluminium, 650® 

Germanium, 900° 

Silver, 960® 

Gold, . 1060® 

Copper, 1090® 

Cast iron, 1150° 

Wrought iron, 1600** 

Platinum, ^775° 

Iridium, 1950® 



Ruthenium, osmium and also chromium, molybdenum, uranium, tung- 
sten and vanadium melt with greater difficulty than platinum. 

A greater volatility also corresponds to the greater fusibility. Mer- 
cury boils at 357® ; potassium and sodium at about 700*^; cadmium at 
770**; zinc about 950*^, and the difficultly fusible metals may be also 
volatilized in the electric furnace. 

MetaJJic borides, siJicides and carbides Qp. i6^'^m\\\sVaLT\^\.^\xi'^T^v«:«& 
fFA/ch volatilize platinum, calcium and caTboiv (^^o\ssacri^. 
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All these physical properties bear a periodic dependence to the atomic 
weights, as will be more plainly indicated In the indvidual groups. 

Uatil lately the highest lemperatDre allainable for scientific nnd lechDiol ums was 
abont 3000°. The idea of using the eleclric arc to extend the range of temperature is 
not new, but the aclusl achieTement was liist accomplished by the French chemist, H. 
Mojsaan, by the coDstruction of the electric furnace. The priDciple involved in the lalter 
is to expose a substance to (he heat of the electric aic io a space as smatl as pos»ble and 
suiTounded by lire-resisttng material. The action is then due to heat and not to elec- 
tricity. Moissan in this way obtained a temperature of 3500° C The furnace model 
first used by him in 1S92 is 
sketched in Fig. 68. It con- 
sists oftwoblocksofunslaked 
lime. The lower contains a 
groove for the carbon elec- 
tiwles E, E, and about the 
middle is a depression in 
which the material is placed 
and upon which the heat of 

the arc is to act. Thematerial ,„ 

can also be eiposed in a small "<'■ "■ 

caibon crucible. The upper 

portion is slightly arched above the arc. As the lime soon melts on the surface and 
becomn soft the arch act) as a heal reflector. For the various forms of eleclric furnaces 
consult H. Moissan, Der elekt. Ofen, 1897 ; also Ijcbeiani. Calciumkubid- und Acety- 
lentcchnik, pp. 3S'79, (jimpare Z. f. ano^, Ch. la (1896), 193. 

SPECIFIC HEAT. ATOMIC HEAT. 

Of all physical properties of the elemenls, from a chemical slandpoint, 
their heat capacity is the most important, as it can serve for the deiermi- 
nalioD of the atomic weights. The spedjie heat of a substance is the 
qttantity of heat which increases its mass unit i° in temperature. Heal 
quantities are measured in either large or small calories (p. 66), and 
according as one or the other is chosen, the expression for the mass unit 
wilt be 1 kilogram or i gram. As water, of all substances, possesses the 
greatest specific heat, and as this also serves as unit ; therefore, for all 
other bodies the specific heat represents the fraction of a calorie which 
raises their mass unit i°. 

The atomic heat of an element is the product of its specific heat (H) 
and atomic weight (A). Dulong and Petit (18 1 8) discovered the remark- 
able fact that the solid elements possess approximately the same atomic heat. 
It is about 6.4: 

A.H = 6.4. 

For silver A ^ 107.93 and H = 0.057; A. H = 6. i ; for lead A = 
306.9, H ^0.031, A. H ^6 4; for p)otassiuro A ^ 39. 15, H ^ 0.166, 
A. H= 6.5 — i.e., 107.93 grams of silver, 206.9 grams of lead, and 39.15 
grams of potassium are heated by approximately 6 4 small calories 
through 1° of temperature, or 107.93, 106.9 3"'' 39''S kilograms are 
raised 1° by 6.5 large calories. The equation A. H = 6.4 also indicates 
that the specific heats of two elements are to each other approximately as 
their atomic weights — the greater the atomic weight, the smaller the 
specific heat. 
/( is only in the case of a few of the e\emei\\s fea.X *\^ ^\«w\\<^\«aX 



254 



INORGANIC CHEMISTRY. 



varies widely from the mean 6.4, e, g., sulphur is 5.7, phosphorus 5.9, 
silicon 4.6, germanium 5.6, while carbon is 2-2.8, boron 2.6 and beryl- 
lium 3. 7. These elements have low atomic weight and are either metal- 
loids or resemble metalloids. 

These variations from the mean are in part explained by the change in 
specific heat with the temperature. It was known before that these show a 
slight increase with the temperature, but it is only recently (1875) ^^^ ^- ^* 
Weber has proved that the increase is very considerable for the elements 
C, B and Si, which, at medium temperatures, possess a remarkably low 
atomic heat ; that, beyond a definite temperature, the atomic heat becomes 
tolerably constant, and then almost agrees with the law of Dulong and 
I^etit. According to Nilson, beryllium shows a similar deportment : 



Diamond, graphite, above 900®, 
Boron, above 600°, . . . . . 
Silicon, above 200^, . . • . . 
Beryllium, above 257^, ... 



H 



0.459 
0.5 
0.204 
0.58 



12.00 
II 

28.4 
91 



HXA 



5-5 

1:1 

53 



From this close agreement of the found atomic heat of the metals with 
the mean, it follows, without doubt, that there does occur a regularity, 
and we must conclude that the slight variations, apart from the inaccuracy 
of the observations and the impurities of the substances used, are influ- 
enced by physical causes of an unknown nature. Hence, the specific heat 
may serve for the derivation of the atomic weight of the elements ; the 
atomic weight is equal to the constant 6. 4 divided by the found specific heat : 

A-__. 

The atomic weights derived from the specific heat — the so-called ther- 
mal atomic weights — agree in almost all instances with those obtained 
from the vapor density of the free elements or their volatile compounds. 
Where no volatile compounds of an element are known, the specific heat 

is the only certain means of fixing the actual atomic weight. The equiv- 

I 
alent weight, 38 (InCl), of indium was fixed with great accuracy by 

analysis; it was, however, unknown whether the atomic weight was 
double or triple that quantity. The specific heat of indium was 
found to be 0.0569, from which the atomic weight would be ©t^^V? 
= 112, a number closely approaching the trebled equivalent weight of 
indium, 114 (= 38 X 3)- From this it follows that the true atomic 
weight of indium is 114 and that indium is trivalent (InCl,). 

In their solid compounds the elements retain the specific heat ; hence the molecular 
heat is nearly equal to the sum of the atomic heats of the elements constituting the 
molecules — law of F. Neumann and H. Kopp. Hence the atomic heat of elements not 
known in solid condition may be derived from the molecular heat of their compounds. 
In this manner the following atomic heats are found*. Fot tvvVto^ctv^ S-^% fox Oa\aTO!*.^ 
6 ; for oxygen, 4 ; for /Juorine, 5 ; for hydrogen, 2.3 ; lox caxVwtv, \,%, 
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i6 
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14.04 

3S4S 


0-156 
0.093 
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a.4 
14 
33 


NiUosen 







ISOMORPHISM. 

As indkaled JD (be precedine pages, the alomk weights of the elements may be 
derived directly from the sp«cilic beat of solids, while trota ibe gas density of the volatile 
cotDpoands we get the molecular weights, and from the latter, indirectly, ascertain the 
■tomic weights (compare p. 80). A third, allbough less general and certain, means of 
detennining ihe atomic weight JsafTonied bf iicmiBrpiiim. By this Is understood the phe- 
Domeoon observed by Hitacherlich (1819). Characteristics of the Isomorphism of two 

(l) Similarity in crystalline fonu, whereby the symmetry properties agree perfectly and 
the geamebrical constants nearly coincide (sec pp. 31, 38) ; (3) the power of forming 
within certain definite limits mixed crystals in any desired quantity by weight without 
altering the crystal form ; (3I the power of overgrowlh, 1. i., crystals of the one sub- 
stance being able lo continue their growth in superaaluraled solutions of the olher com- 
pound. From Milscherlich's discovery we can conclude from the isomorjihiiim of two 
compounds that they are similarly constituted and have an equal number of aloms In ihe 
molecule. Accordingly the quantities irf the elcmenla, occurring in isoraorphous mix lures, 
would be to each other as (heir atomic weights, and this would make it pouible to estab- 
lish an incorrect atomic value. For example, the metals calcium, strontium and barium 
do not afford volatile derivatives. Their atomic weights could not be deduced from their 
thermal capacity, and it was the isomorphism of many of their compounds with those of 
m^nesinm that determined the some 1 the quantities of these elements, replacing 34.36 
ports by weight of magnesium (1 atom), were accepted as the true atomic weights. 

In the present state of chemistry we attach but secondary importance to Isomorphism as 
a method of determining atomic weights because it is frequently very difficult to demon- 
strate that isomorphism is actually present, for the coincidence in geometrical constants 
requires to be only approximate, the abihty to yield mixed crystals occurs in every imag. 
inable degree and bodies possessing not the slightest chemical similarity do show over- 
growths. It is indeed true that Imdies similar chemicalty often exhibit like crystalline 
H>rm, and the power of forming mixed crystals also increases the greater the similarity in 
chemical properties. 



CHEMICAL PROPERTIES OF THE METALS. 

Alloys. — Many metals may be so mixed by fusing them together that a 
solid, homogeneous mass will result upon cooling; the constituents cannot 
be separated then by mechanical means. Such a mixture is based upon a 
molecular interpenetration ; it cannot be distinguished from a mere 
mechanical mixture and it bears the name a//iy {/egere, put together). 



* By constant vcAume. 
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A great deal of heat is frequently developed just as in a chemical union 
by fusing metals or by bringing together those already melted. Yet alloys 
in general cannot be considered chemical compounds ; their composition, 
even in the case of those which crystallize, is rarely according to the 
atomic ratio. They should rather be regarded as solid solutions of one 
metal in another or of metallic compounds in a metal, if, following 
Ostwald, a homogeneous mixture of various substances (showing no vari- 
ability) is defined, without reference to its state of aggregation, as a 
solution. 

Many molten metals may be mixed just like water and alcohol in every 
proportion with one another, e, g.^ tin and lead ; others in a less degree, 
similarly to ether and water, e. g., zinc and lead. The second class of 
alloys occurs more frequently. Usually metals which are similar chemic- 
ally alloy more readily with one another than those which exhibit marked 
differences in their chemical behavior. 

Many alloys can be obtained crystallized, yet in actual practice crys- 
tallization is avoided because it diminishes the solidity, ductility, etc. 

As a rule, the density of an alloy cannot be calculated from its constit- 
uents, but this is possible with a mere mechanical mixture. Many alloys 
exhibit a very definite condensation (contraction), e ^., silver-gold, cop- 
per-tin; others a distinct expansion: copper-silver, antimony-tin, tin- 
lead, while others do not manifest either of these properties: copper-gold, 
antimony-bismuth. 

The color of alloys does not correspond to the quantity of their con- 
stituents, for copper alloys, with 30 per cent, of tin, are white in color, and 
pure yellow with the same amount of zinc. The bright color disappears 
with 60 per cent, of zinc. Aluminium changes the color of copper 
readily ; the same is true of nickel, as may be seen in the coin, contain- 
ing about 25 per cent, of nickel and 75 per cent, of copper. Gold possesses 
slight coloring power. Gold and silver alloys having 30 per cent, of 
gold possess a pure silver- white color. 

The melting point of an alloy is generally lower than would be expected 
from the melting points of its constituents. An alloy of 8 parts of lead, 15 
parts of bismuth, 4 parts of tin, and 3 parts of cadmium melts at 68**, 
although each of these metals melts above 200°. Potassium (m. p. 
62*^) and sodium (m. p. 96**) unite in the ratio of their atomic weights 
to an alloy which is liquid, like mercury, at the ordinary temperature. 

Quite frequently molten alloys manifest the tendency on slow cooling 
to separate into several compounds which differ in comp>osition, fusibility, 
etc., from one another. Under these conditions pure metals also sepa- 
rate from many alloys. »This process, very important for the preparation 
of metals, is designated segregation (see Silver). 

Alloys often resist acids much better than single metals; however, they 
frequently dissolve in acids even when the one constituent is insoluble in 
them. Thus an alloy of 56.5 percent, of copper and 43.5 percent, of zinc 
is scarcely attacked by nitric acid, and in gold-silver alloys, where there 
is a preponderance of gold, the silver is not dissolved out by nitric acid. 
If the alloy contains 3 parts of silver to one part of gold the nitric acid 
iviJl dissolve the silver (quartation). 
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Mercury is able to dissolve ^ most all metals, fonning alloys known as 
(MM^aMj(fronifuUc7';ia,asoft plaster), which are generally crystallizable. 
In chemical respects hydrogen is a metal, and very many of the metals 
combine nilh it. Palladium, potassium and sodium yield the com- 
pounds K,H, and Na^H,, which deport themselves as alloys. That 
antimony yields a gaseous product (SbH,), is due to its pronounced 
metalloidal character. The ability of individual metals of the platinum 
and iron groups lo permit the passage of hydrogen at a red heat depends, 
probably, upon a chemical attraction; hydrogen first dissolves and is 
then evaporated again. 

Metallic Carbidei. — These are produced by dissolving carbon in 
the molten metal or by reducing metallic oxides with carbon. The elec- 
tric furnace with its high temperatures has been applied in thisdirection. 
The researches of Moissan and the technical application of calcium car- 
bide and silicon carbide (carborundum) have given great theoretical and 
practical importance to the carbides in general (pp. 1C4, 163). Molten 
gold, bismuth, lead and tin do not dissolve carbon, and copi^er and silver 
very little. The melted platinum metals take it up in large amounts, and 
upon cooling it separates as graphite. Many other metals, under like 
conditions, form carbides which crystallize beautifully. Carbides may 
be arranged in two series : 

r. Those decomposed by water at the ordinary temperature. Here 
belong the carbides of potassium, lithium, Li,C,, calcium, barium, stron- 
tium (Me"C,), aluminium, A1,C,, manganese, MiiC, and beryllium. 

i. ThosewhicharenotafTccted by water: molybdenum carbide, CMo„ 
chromium carbide, Cr,C„ etc. The carbides decomposable by water 
yield hydrogen, methane, acetylene, and also liquid and solid hydrocar- 
bons. Moissan thinks that this behavior afTords hints as to the origin 
of petroleum (see Calcium- and Aluminium Carbide, also p. 15*)- 



Halc^en Componnda. — The metals unite directly with the halogens 
to form compounds, which are not decomposed by water at ordinary tem- 
peratures, and, in general, are very stable; on the other hand, the halogen 
compounds of (he metalloids (excepting those of carbon) are easily 
decomposed by water. These compounds are also produced by the action 
of the haloid acids upon the free metals, their oxides, hydroxides, and 
carbonates, whereby they plainly characterize themselves as salts of the 
haloid acids. A third procedure for the formation of chlorides and bro- 
mides, essentially analogous to the first, is based upon the simultaneous 
action of carbon and chlorine, or bromine upon the oxides (see Aluminium 
Chloride and Silicon Chloride). 

The following types of halogen derivatives exist and show the different 
valences of the metals : 

I II III IV V VI 

Ka ZnCl, InCl, SoO, TsOj Wa,. 
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OXIDES AND HYDROXIDES— HYDRATES. 

The affinity of the metals for oxygen varies. Some of them oxidize in 
moist air and decompose water, even at ordinary temperatures. Such are 
the so-called alkalies and alkaline earths (the potassium and calcium 
groups). Their oxides dissolve readily in water and form strong basic 
hydroxides or hydrates, KOH, Ca(OH),, which are usually not decom- 
posed by ignition. 

Other metals (the so-called heavy metals) oxidize and decompose water 
only at higher temperatures; their oxides are insoluble in water, and 
generally afford no hydroxides, as the latter upon heating readily decom- 
pose into oxides (anhydrides) and water: 

Zn(OH), = ZnO -f H,0. 

They are of a less basic nature, and their soluble salts usually exhibit 
acid reaction. Finally, some metals, as gold and platinum (the noble 
metals), are incapable of combining directly with oxygen. Their oxides, 
obtained in another way, decompose readily under the influence of heat 
into metal and oxygen. The universal method for the preparation of 
insoluble oxides and hydroxides of the heavy metals depends upon the 
precipitation of the solutions of their salts by alkaline bases: 



HgCl, -h 2KOH = 2Ka + HgO + H,0 

II II 

CuSO^ 4- 2KOH = KjSO^ -h Cu(OH),. 



The different valences of the metals are most clearly seen in their oxygen derivatives, 
which form salts. We have the following eight forms or types of the highest salt-pro- 
ducing oxides (see p. 244), corresponding to the eight groups of the perioidic system of 
the elements : 

I II III IV V VI VII VIII 

K,0 MgO A1,0, SnO, Bi^O^ CrO, Mn,0, OsO^. 

The hydroxides of the first two forms possess a strong basic character and only yield 
salts with acids. In the hydroxides of the two succeeding forms there is shown an acid- 
like character together with the predominating basic character. Hence they dissolve in 
alkalies and form salt- like derivatives with bases, in which hydrogen is replaced by metals, 
e. g., Al(ONa),. These higher (normal) hydrates are not very stable, give up water and 
pass into meta- hydrates, which retain the acid character. Thus, from Al(OH), is derived 
AIO.OH, which yields salt-like compounds, e. g,, AlO.ONa; from Sn(OH)4 are 
derived stannic acid, SnO(OFI)f, and its salts, as SnO(ONa)2. The oxides of the next 
fundamental forms, BiiO. and Mn^O,, are of an acid nature. The corresponding highest 
hydroxides do not exist ; but the salts of the anhydro-acids, derived from them, are known : 

HBiO, HjCrO^ HMnO^. 

Bistnuthic Chromic PermanG^anic 

acid. acid. acta. 

In composition these acids correspond to the following metalloid acids : 

UNO, H,SO^ HCIO^. 

Nitric acid. Sulphuric acid. Perchloric acid. 

Salts of osmium fetroxide (OsO J are not knovf u. 
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n torn loirer oxides and hydrates 

SnO Bi,0, MnO 

SnlOlI), Bi(OH}, Mn(OH),. 



The metals of the firet two groups have higher oxygen compounds, 
called peroxides, e. g., HaS)^, BaO,. These do not form corresponding 
salts. By the action of dilute acids hydrogen iieroxide is produced : 

B«0, + iHa = BaCl, + H,0^ 

In consequence of this reaction, it isvery probable that in the peroxides, 
the oxygen atoms are arranged in a chain-like manner as in hydrogen 
peroxide ; 

N.-.0> B«<o> 

SodlDm peroxide. Barium peroxide. 

When concentrated acid acts upon them, oxygen is evolved, and sails 
of the lower oxides result; heated with hydrochloric acid, chlorine is 
generated : 

B«0, + 4Ha = B«C1, + zHfi + a,. 

Ordinuily, xll higher oxides which evolve chlorine with hydrochloric acid ere lernved 
peroxides, r. g., PbO^ lead peroxide, and MnO,. msngsneK peroxide. However, these 
latter compounds do not possess the structure 01 true peroxides. l.ead dioxide, PbU,, 
is wholly analogous lo lin dioxide, SnO,, and is capable of combining with bases; il 
also yields a tetrachloride. PbCl„ which it is true readily breaks down into ihe dichloride 
and chlorine ; therefore we infer that the two oxygen atoms are in direct union with 
quadrlTBleul lead. So manganese is probably quadrivalent in manganese peroxide. 
The diflerence between these oxygen compounds and the true peroxides is >hown by 
their inability (o form hydrogen peroxide. Persulphuiic and petcarbonic acids belong 
to the true peroxides. 

Finally, some univalent metals are capable of forming oxides contain- 
ing four atoms of metal, e. g., KjO, Ag,0 ; these compounds are termed 
quadrant oxides or suboxides. 



Salts. — By the action of bases upon acids, salts and water result : 
NaOH + HNO, = NaNO, -(- H,0, 

whereas oxides and acid anhydrides, e. g., CaO and CO,, in the absolute 
absence of water do not combine, or at least only with difficulty. 

These salts are also produced like the halides by the action of metals 
upon the acids : 

H,SO. + Zn = ZnSO^ + H»-, 
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most of the oxygen acids suffer simultaneous reduction by the hydrogen 
evolved. This happens with sulphuric acid if it be used in a concentrated 
form, so that, e, g,^ in the action of zinc on concentrated sulphuric acid 
both sulphurous acid and hydrogen sulphide are produced : 

H, -f- HjSO^ = SO, -I- 2H,0 ; 
4H, + H,SO^ = H,S + 4H,0. 

Sulphurous acid, nitric acid and chloric acid are also reduced in dilute 
solutions (see pp. 184, 186, 203). Phosphoric acid, in contrast to arsenic 
and antimonic acids, is very stable in the presence of nascent hydrogen 
(pp. 148, 216). The salts of oxygen acid, like those of the haloid acids, are 
to be regarded as derived from the acids by replacement of their hydrogen 
by metals. The acids themselves can be viewed as hydrogen salts. This 
was the conception of H. Davy (1815), of P. L. Dulong (1816), and par- 
ticularly of J. Liebig (1838), from chemical considerations, and also a 
little later (1839) of J. Fr. Daniell, from electrolytic reasons. 

As we have seen, the poly basic acids yield \ht primary , secondary ^ ter- 
tiary , etCf salts by the replacement of one or several hydrogen atoms by 
metal (see p. 1 72). In the same manner n-series of salts are derived from 
n acid bases (which contain n-OH groups) : 

yOH rOH /OH fNa 

Bi^H BiJOH Bif-NO, Bi^NO, 

^OH (.NO, ^NO, (no,. 

Such salts in which not all the hydroxyl groups of the polyacid hydrox- 
ide are replaced by acid residues are called basic : 

^\NO, ^°\a. 

Basic lead nitrate. Basic zinc chloride. 

Besides these basic salts there exist some of another form. We saw 
that the polybasic acids can combine to form poly- or anhydro-acids; 
similarly, the polyhydric bases form polyhydrates : 

SO,<OH Cu<OH Pb<g" 

SO,<OH Cu<oH P^<OH 

from which basic salts are obtained (see Copper and Lead) by replace- 
ment of hydroxides by acid residues. 

By the replacement of the hydrogen atoms in the polybasic acids or of 
the hydroxyl groups in the polyhydric bases by various radicals we get the 
so-called mixed or double salts : 

Potassium ammonium Potassium copper Potassium aluminium 
phosphate. sulphate. sulphate. 



Pb<a 



MgG, . KCl AuO J . KC\ YiCX^. lYwCX. 
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Just as the fluorides of boron and silicon, BFl,. KFI, SiFI, . aKFl, are 
derived from peculiarly constituted atomic acids, HBFI,, H,SiFI, (pp. 
170, 236), so idso many of the so-called double chlorides,* e. g., PtCl,.- 
2KCI, must be viewed as atomic in their structure (see p. 371 and under 
Platinum). 

ACTION OF HETALS UPON SALTS AND ACIDS. 
We have seen that the metals by solution in acids are able lo form salts, 
hydrogen being simultaneously evolved. 

The metals deport themselves in the same manner with the salts. Zinc 
introduced into a solution of copper sulphate is dissolved to sulphate and 
metallic copper is deposited : 

Zn + CuSO, = ZnSO. + Co. 
Herein is shown the perfect analogy between acids and salts : 
Zn + H^, = ZdSO, + H^ 

In chemical nature hydrogen is a metal. Hence the acids may be viewed 
as hydrogen salts. 

The displacement of a metal from its salts by others appears to be in- 
fluenced by its electrical deportment in so far as it occurs, in general, in 
accordance with its position in the electric tension series. Indeed the 
more electro-positive (basic) metals replace the electro -negative (less 
basic). In the following series each metal throws out from solution those 
preceding it : Au, Pi, Ag, Hg, Cu, Pb, Sn (Fe, Zn). Iron and zinc pre- 
cipitate almost all the heavy metals from solutions of their salts. The 
strongly positive potassium and sodium are able lo displace all other 
metals. This is very evident from their action upon fused haloid salts — 
a reaction which frequently serves for the separation of the metals in a 
free condition : 

Aia, + 3N« = Al + 3N«a. 

In its electrical deportment hydrogen stands near zinc ; like the latter, it 
must, therefore, displace all more negative metals. Ifthis does not happen, 
the cause must be sought in the volatility of hydrogen ; in fact, we know 
that hydrogen, under powerful pressure, is capable of separating gold, 
silver and some other metals from their salt solutions. 

In addition to electrical deportment, the nature of the solution influences the precipl- 
lation of one metal by another. Thus, lead leparates tin from its chloride, SnCl^, while, 
on the other hand, tin throws out lead from ibe solulion of its oiide in alkalies. This 
recalls the fact that iodine is displaced in bydriodic acid and the metallic iodides by chlo- 
rine ; and that con»ersely iodine replaces chlorine in its ojygen deriTative* (p. 178). 

Myltus and Fromm (Bet. 17 ( 1S94) I, 630J claim that when posilire metals act upon 
dilute salt solutions of negatiTe metals, allojx are produced, because in the moment of 
their prccipilatioa metals are capable of uniting at (ne ordinaiy temperature. Generally 
these alloys are porous, black, and either aoiorphous or crystalline. The following cryt- 
tallinc compoundj were obtained : Cu,Cd, AuCd„ Cu,Sn and lead- platinum. Zinc ptc- 

'Coanitt Amtrkan ChtmUtU /oxrnol, VW- WJ^- 
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cipitates a zinc- silver alloy from dilute silver solutions, which is converted into white ays- 
talline silver by a concentrated silver solution, and also by strong adds : 

AgnZn + 2AgNO, = Ag(n + 2) + Zn(NO,),. 

The other alloys are similarly decomposed by acids, the negative element being set free. 



ELECTROLYSIS OP SALTS. 

Conductors are divided into two classes, depending upon their behavior 
in the passage of the electric current. Conductors of the first class arc 
not decomposed in the passage of the current : the metals, peroxides and 
carbon. Conductors of the second class carry the current with simul- 
taneous decomposition : '' Electrolysis '' — salts, acids and bases, fused or 
in aqueous solution. They are also termed electrolytes (p. 92). In 
most instances the conductivity of the first class diminishes with rise in 
temperature, while it increases with the second class. 

On subjecting a salt in a fused or dissolved condition to the action of 
an electric current, it is decomposed, so that the metal separates at the 
negative pole and the acid group or halogen at the positive : 

NaCl = Na + Ci 
+ — 
CUSO4 = Cu -f SO4. 

The liberated acid residues, e, g,, SO^, cannot exist in a free condition ; 
they break down into oxygen and an acid oxide, which, with the water 
of the solution, again forms the acid : 

SO4 4- H,0 = HjSO^ -h O. 

Thus, in the electrolysis of such salts, the metal and oxygen separate 
out — the former at the negative, the latter along with free acid at the 
positive pole (see p. 92 note). 

All neutral salts are similarly decomposed. If, however, the metal 
contained in the salt acts upon water when free, manifestly a secon- 
dary reaction must occur at the negative pole. The real electrolytic 
decomposition of potassium sulphate would then take place according to 
the following equation : 

K,SO^ = K, + (SOJ. 

The separated potassium decomposes the water with formation of potas- 
sium hydroxide and the disengagement of hydrogen : 

2K -f 2H,0 = 2KOH 4- H,. 

Therefore, hydrogen and potassium hydroxide occur as definite decom- 
position products, at the negative pole (the kathode) ; at the positive 
(the anode), however, we have oxygen atvd su\pVv\\\\c ^lcaA. Otv coVoVycv^ 
the liquid exposed to the electrolysis w\\\v a\\U\e V\o\e\.-^>jx>\v> ^^"^ V^"^^ 
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at the positive pole will become led, owing to theacid formed, while thai 
at the negative pole will be colored green by the base. That the electro- 
lytic decomposition off>otassium sulphate and similar salts proceeds in 
the manner given, may be proved experimentally by using mercury as the 
negative electrode; then the separated potassium will combine with the 
mercury and form an amalgam, which will act gradually upon the water. 
The bases and acids are decomposed in this manner by the current. 
Thus, as Davy (1807) showed, molten caustic potash, KOH, breaks down 
into K and OH; the first separates in metallic form upon the negative 
pole (and gradually acts upon the fused KOH with the liberation of 
hydrogen), while at the positive pole water and oxygen appear — produced 
from the OH-ions: 

a(OH) = H,0 + O. 

Acids when electrolyzed behave like hydrogen salts. Hydrochloric 
acid, for example, breaks down into hydrogen and chlorine. Sulphuric 
acid (depending upon its strength) is decomposed in aqueous solution 
into the ions sH and SO, or H and HSO,. The anion SO, (or HSOJ 
is immediately converted by the water into sulphuric acid and oxygen : 

aHSOj -t- 2H,0 = H^, + O. 
However, under certain conditions, an appreciable amount of persul- 
phuric acid is produced ; 

iHSOj = H^O,. 

[See p. 188 and Richarz, Ber. si (1888), 1673.] 

The electrolysis of acid sulphates and of acid carbonates can also pro- 
ceed in the direction last indicated; they break down into kations H 
and anions MeSO, and MeCO,, from which arise persulphates and per- 
carbonates: Me,S,0, and Me,C,0,; see also p. 231. 

In the thirtiesof the present century Michael Faraday demonstrated that 
when a compound is decomposed by the electric current the quantity of 
the material so broken down is proportional to the quantity of electricity 
which has passed through it. He also discovered the following law bear- 
ing his name: 

When the lUctrie current passes through different decomposable conduc- 
tors arranged in series, the quantities of the substances separated simulta- 
neously are to each ether as the ratio of their chemical equivalents. 

Thus in the simultaneous decomposition of hydrochloric acid, dilute 
sulphuric acid and ammonia* (pp. 77, 98), equal voUimes of hydrogen are 
liberated, while at the positive pole i volume of chlorine, ^ volume of 
oxygen, and ^volume of nitrogen appear, after (he solutions have become 
saturated with the gases. The quantities decomposed by electrolysis, 
therefore, bear the following relation : 

Mfl "«SO . NH. 



■The faydioeUoric (cid should contain aig grams in ■ liter. This can be obuined by 
mixing aoogtana ot taming hydrochloric acid, of specific (rravity i.iS^, with 118 ^^mi 
of water. For the electrolysii of ammonia use I icAvime A "amttWOTMA. ««twiw». ■^«^.« 
wiib 13.$ toynmet ot a latmted salt solution. 
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In the same way, equal quantities of chlorine are set free from all metallic 
chlorides, while the quantities of the precipitated metals agree with the 
values according to which they enter chemical -action, their equivalent 
weight. The quantities of the different salts, decomposed by electrol- 
ysis, stand in the following relation : 

A Mn. CuCla CutCla SbCl, FeCU FeCU SnClt SnC^ CuSOj Hf(CN)t Hg,(NO^t 

Therefore, 31.8 parts of copper are deposited for the 35.45 parts of 
chlorine in cupric chloride, CnCl,, but from cuprous chloride, Cu,CI,, 
we obtain 63.6 parts of copper; from mercuric cyanide, Hg(CN),. we 
obtain 100.15 parts of mercury, and from mercurous nitrate, Hg(NO,), 
200.3 parts of mercury, etc. 

These relations can be obliterated in that reductions of the electrolyte at the negative 
pole and its oxidation at the positive may occur through the decomposition products. 
Thus, in the electrolysis of cuprous chloride, cupric chloride instead of chlorine will be 
found at the anode : 

CuCl -f a = CuCl^ 

and in the electrolytic decomposition of cupric chloride cuprous chloride will appear at 
the kathode : 

CuCl, + Cu = aCuCl. 

Some obscurity of the ratios acquired by the law also arises if the salt is hydrolytically 
decomposed, f.^,, if water converts it partly into hydroxide or basic salt, and free add : 

FeQ, -f 3H,0 = Fe(OH), + 3Ha ; 

the free acid is also subject to electrolytic decomposition. Further, the proportions 
change if the electrodes are attacked by the substances liberated upon them (p. 77). 
For example, if in the electrolysis of copper sulphate the positive electrode consists of 
copper then oxygen will not be liberated here (SO4 =r SO, -}- O), but just as much 
metallic copper will dissolve as separates upon the kathode : 

Cu 4- SO4 = CuSO^ ; 

consequently the copper content of the solution remains unchanged. 

H. Helmholtz accordingly expresses Faraday's law as follows: 
Tke same quantity of electricity acting upon different electrolytes liberates 
equal valences or combines them in some new way. 

Gauss and Weber referred most electrical and magnetic magnitudes to length (cm. ), 
mass (gram) and time (sec). 

The units derived in this way are the absolute measurements. The unit Quantity of 
electricity in this measurement precipitates, according to Kohlrausch, 0.01118 gram of 
silver. The tenth part of this quantity, or that vtrhidi will precipitate 0.001 1 18 gram ^ 1. 1 18 
mg. of silver, has been selected as the "practical unit" and is called the "coulomb" 

(coul.) ; 300 mg. of silver deposited upon the kathode indicate therefore that -— g = 268 
coul. have passed through the solution. If this took place in ten minutes, then in one 
SQConi!i'^ = o.^'j coul. would have passed O:\Toug\v \Yve \\c^\^ TVv^ oxrretvv ^Narexv^g^ 
would then have been 0.447 ampere. The curretil sVrei\^ Vwn^-^^^'^^^^*^^ t^V«i^tw\& 



LYTIC Gab C.c. Hvdrogeh 

ATO°AHD AT O" AND 

Mcv SiLVB«. Mc. CorrBi. Mg. Water. 76a Mm. 760 Mm. 

laoncMCond, . . 1. 118 0.3384 o-°9i3 0.1740 0.)l6o 

In one miDute, . . 67.08 19.70 5.60 10.44 6.960 

Id one hom, . .4025 iiSa 33S-9 626 417 

The ritttro-ehtmiial iquh/almls are Ihe qu*nlities which are separated out or coaTclted 
into other compounds in the unit of time, ll is possible in accordance with Faraday'i 
law to calculate readitf from ihe silver and copper values (hose or other elemenli 
or atomic groups. In general, a current of I ampere deposits in I sec 0.01036, in I 
min. 0.6315, ""^ ii ' hour 37.39 mg. — equivalents of anf lubstance (,^„, ^= i^^^ 
o.oiO36;Ag = i07.93i^^ 31.8)1 hence, 35.45 . 0,01036 =0.36731118. chlorine in a 
tecond, etc. It maf also be mentioned that (he practical unit of resistance, the okm, is a 
column of mercntr 106.3 ■^'"' '" length ■O'l ' square nun. in section, and that Ihe voll, the 
practical unit of electromotiTe force, is the power which in a closed circuit of an ohm 
~~ luce* B current of I ampere. 



Faradaj') law requim that when equal quantities of electricity pan through different 
electrolytes, the same number of Talences must be liberated or converted into new com- 
pounds at each pole. Therefore, the decomposition of aqueous hydrochloric acid is 
accomplished by the consumption of the same quantity of electricity which would be re- 

3 Hired by equivalent quantities of hydrobromic acid, hydriodic acid, etc. We know on 
le other hand that very different amounts of heat are necessary to effect the decomposi- 
tion of equivalent quantities of these compounds. Hence we might eipcct that their 
electrolytic decomposition would demand a varying eipcnditure of electricity. The 
cndothermic bodies should be most easily decomposed, while those with the greater beat 
of formation and heat of decomposition would be most difficult. 

Furthermore, so long as the electrk force, active in the conductor, is not equal in 
strength to the affinity, decomposition does not occur, but when these forces are equal, 
then many molecules will at once be broken down. This contradicts all experience 
which, according to R. Clausius, may be eipUined as follows [Fogg. Annalen (1857) 
lOi, 338 ; die mechanische Warmelheorie (1879) Bd. it, 164] : The current docs not 
decompose the electrolyte into its constituents. In consequence of the heat motions of 
its molecule the electrolyte is already partially dissociated and IhteurrttU mtrtty separata 
Iht already fret iem ipacially. Williamson, at an early dale, had eipressed a similar 
view in an unusually able paper on the theory of the ether- formal ion {Ann. Chem. 
Pharm. (iSjl) 77, 37], He thought that in a mass of molecules the latter continually 
eichai^^ the atoms and atom groups, of which they consisted, with one another. For 
example, in hydrochloric acid the molecule of hydrogen chloride did not constantly con- 
list of the same hydrogen atom and chlorine atom, but that there was rather a mutual 
exchange of corresponding atoms among Ihe molecules. S. Arrhenius has in late yeara 
expanded aiMl developed these ideas iolo the theoiy of electrolytic dissociation, which 
will receive attention later, p. 368. 

SOLUTIONS. 

Most liquids can talte up gases, other liquids and solids in stich a man- 
ner that a new liquid, homogeneous both physically and chemically — a 
ta/u^tm—iB prodatxA (p. 256). No de«p-sei\e6 c\\ft\wcs^ 'i^w.-ga. w.-^-^ 
between fhe solvent and the substance d\sstiW«i, «C(wx"«"««. *v^ v-*^**^ 
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could not be defined as solution in the sense indicated. If, for example, 
carbon dioxide is conducted into and absorbed by caustic potash, a solu- 
tion of carbon dioxide does not result, but rather one of potassium car- 
bonate. In the same way we cannot say that a metal dissolves in an 
acid, because it is first changed, with the evolution of. hydrogen, into a 
salt which dissolves. Gases can mix to any degree with one another, but 
the solvent power of liquids for gases or other liquids or solids is gener- 
ally limited and also dependent upon pressure and temperature. Aqueous 
solutions are alone important here, and only they will be considered 
now. 

The absorption of gases (Henry, 1803) or gas mixtures (Dalton, 1807), 
as mentioned on p. 229, is proportional to the pressure under which the 
gas exists. The gas dissolved by a liquid can be expelled from it by 
raising the temperature, by lowering the pressure, or by introducing 
another gas, e, g,j carbon dioxide, by passing air through the solution, or 
by shaking the latter with air. Certain gas solutions are distinguished 
by the fact that under a definite pressure they will distil without change 
in their composition at a constant temperature; (see Hydrochloric Acid, 
p. 59, Hydrobromic Acid, p. 62). 

Many metallic salts separate in union with water — water of crystalUta- 
Hon — from their solutions. This can frequently be noticed in their 
change of color. Anhydrous copper sulphate, CuSO^, is white, while 
its aqueous solution is blue, and on evaporation blue hydrous CuSO^ . 5H,0 
crystallizes out. This salt loses a portion of its water, on exposure to 
the air, at the ordinary temperature — it effloresces. It becomes anhydrous 
above 200^. Hence, we can conclude that such a hydrate existed in the 
solution. In some cases the metallic salt, depending on the physical 
conditions at which the solution or crystallization occurred, unites with 
varying amounts of water, which is recognizable by its color. The com- 
pounds of cobaltous chloride, CoCl,, with one and two molecules of water 
of crystallization are blue in color like the solution from which they 
separate, whereas the red compound with six molecules of water, 
CoCl, + 6H,0, is obtained from red-colored solutions. As a rule, 
the solubility of salts increases with the rise in temperature and is 
definite for every temperature {saturated solution). Thus, i part of 
potassium nitrate dissolves in 4 parts of water at 15°, and in 0.3-0.4 
parts at the boiling temperature. When such a hot saturated solution 
cools, the salt crystallizes out. Sodium chloride is a remarkable excep- 
tion to this, as it dissolves very little more in hot than in cold water: 
100 parts of water at the ordinary temperature take up 36 parts, and when 
boiling 39 parts of the salt. The solubility with other salts increases up 
to a definite temperature and then it diminishes. It is thus with sodium 
sulphate, Na^SO^ ; 100 parts of water at 0° dissolve five parts of the salt, 
and the most, namely 55 parts, at 34° ; at 60° only 45 and at 100** about 
42 parts (see Glauber's Salt). When a salt dissolves it absorbs heat and 
the water cools. However, if the salt, like anhydrous copper sulphate 
or calcium chloride, CaCl,, can take up water, 1. ^., able to form a 
hydrate, then heat is evolved in Us so\\iI\ot\, \>^ca\isfc \>cv^ o^^xvXaVj ^^ 
heat, set free in the formation of tV\e \\ydTa\.e, exc^^d^ N?wa\. xi^c«^ax>j v^ 



dissolve it. Therefore, hydraled calcium chlo'ide, CaCl, -f 6H,0, dis 
solves in water with the lowering of temijerature. 



TMBORY OP DILUTB SOLUTIONS, 

Many chemists regud salulion as a chemical process induced by Ihe chemical attrac- 
tion between the solvent and the substance dissolved, and leading finally to vecy unslabte 
and undplermined chemical compound* (BeithollFI, MeodelejeET, Betthelot), while olhen 
believe it to be physical, i.g., Dossios, who considers it a sort or diffiision, which may l>e 
compared in every respect to vaporization. Neither o( the Iwo views alone is auflicieni 
(o eipliio laljifaclorily [he proce&s of solution [see Z. f. ano^. Ch. 6 (1S94) 392]. 

While we cannot be certain as to Ihe forces which bring about solution, yet since 
1885 J. H. van't Hoff has by his pioneer researches shown that the rondilion of a sub- 
stance in dilulr scdution ii iJmilu' to the gas conditiuD. The equation deduced on 
pageiat : 

pv = RT 

embodies the law of gases (Boyle and Gay-Lussac) and that of ATogadro, and as 
proved by vaa'l Hoff il also answers for dilute solutions if "osmotic pressure" be 
wbstiiuted for gas preisure [Z. f. phys. Ch. i (1887) 487; 3 (1889] 19S; Ber. 37 
t"894) 6]- 

Ounotic pressure is the preaiure eietted igamsi ■ diaphragm, separating ■ sola- 
lion from a solvent, and wliich*is permeable to Ihe solvent but not lo the dissolved 
substance (see p. 337). Gianges brought about by osmotic pressure piny a very 
imporlant rAIe in ike living organism and particularly in plants, therefore (hey 
were finl more accurately studied by botanists — W. Pfeflcr in 1877 and H. de Vries 
in 18S4 

The action of osmotic pressure may be demonstrated as follows ; A cylinder of about 
loo c.c. capacity is tilled with a syrupy sugar solulion and then made air-tigbl with a 
covering of animal membrane. When this vessel is immersed in a vessel of water. Ihe 
memlirane f[fsdua1]y forms a curved surface, because the waler penetrates through il to 
the sugar solulioti. The experiment can also be conducted as follows : An open 
cylinder is closed at one end with a membrane and then liiled wilh a concentrated sugar 
solution, the other end of the cylinder being provided with a stopper which carries a 
narrow glass lube. When the cylinder is immersed to Ihe stopper in water. Ihe lalter 
penetrates the membrane and as a consequence the liquid rises gradually in the lube to 
a definite height ; thus a means, though not veiy exact, is afforded for the measurement 
of the magnitude of the osmotic pressure. 

Ffeffer artd de Vries made measurements of osmotic pressure and found the following 

I. Osmotic pressure is proportional to the coticenlralion or inversely proportional lo 
the volume in which a definite amount of substance is dissolved. 

3. Osmotic pressure increases wilh constant volume in proporlicni lo the absolute lem- 

3. Quantities of dissolved substances, which are lo one another as iheir molecular 
weights, exert equal osmotic pressure when dissolved in equal volume at like temperatures. 

One of vao't HoiTs services was the recc^ition that these three laws of osmotic pres- 
lure correspond to the laws controlli tig gases. The fitst is the counterpart of Boyle's 
law, the second, of the lav of Gay-Uissac and Dallon, and the third corresponds 10 
Avogadro's law. 

Let OS apply these relations to a solution which contains one part by weight of cane 
sugar in loo parts by weight of water. In accordance with the specific gravity of such 
a solulion it would contain i gram of sugar in 100.6 c.c. PfetTer's experiments show 
that this solulion exerts at 0° an osmotic pressure which would hold a mercury column 
of 49.J cm. in height in equilibiium. If il is desired to ascertain whether these relations 
can be expressed by Che equation p,» := 84803 T.lVt uwM ^ltWic««&.™^^.^^.^wo«*-■''«. 
cbcaea and the pretnire in grams per aqaiutc Mtttvmetet, >!fte loVM.'mft'tfi oicnt «?swMS«n. 
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for the gram-molecule and the temperature in absolute numbers most be considered in the 
calculation.'*^ 

In this particular instance the value for p would be 49.3 . 13.6 = 670.48 ; for T the 
value 273. Cane sugar, CiAi^O^if has the molecular weight 342. 18 ; the gnun-molecole 
of the solution in question is then contained in 342.18 . 100.6 = 34400 c.c. (v^ approxi- 
mately. Hence 670.48 . 34400 = R . 273 and R ^ 84500, a value whicli accords 
within the limits of error with that of the gas constants. 

Consequently dissolved substances exert the same pressure, as osmodc pressure, whidb 
they would exert at like temperature and like volume in the gas form. Their mole- 
cules are, as in the case of gases, so far removed from one another that only the proper- 
ties dependent upon their number manifest themselves, while those depending upon com- 
position and chemical structure ofttimes disappear absolutely. Properties of this kind, 
which can assume like values for chemically comparable quantities of the most different 
substances — for molecules, for atoms of bodies which are exceptions to Avogadro's law 
(p. 79), for ions, as we shall soon see, are termed, following Ostwald, coUigative proper- 
ties (coiiigare, to link together). The quantities of two substances, which m dilute solu- 
tion or in the gas form manifest colligative properties of equal value, will be to one an- 
other as the ratio of their molecular weights if the exceptions indicated be not considered. 
It would then follow : that if at one time n-gram-molecules of a substance A be dissolved 
in a definite volume of a solvent, and then n-gram-molecules of the substance B, in both 
cases certain properties of the original solvent would be dmilarly altered. The freezing 
point will fall and the boiling point will rise regularly in both instances ; the tension of 
the two solutions will be the same ; they possess equal osmotic pressure, i. ^., they are 
isotonic {J^ao^^ equal ; t6vo^^ tension). It is in this manner possible, upon comparing solu- 
tions of a substance of unknown molecular weight witlMiose of one of known rocJecular 
weight, to determine the unknown molecular weight: (l) by isotony (Pfeffer, de Vries) ; 
(2) by lowering of tension (Raoult) ; (3) by the rise in boiling point ( Beckmann- Arrbe- 
nius) ; (4) by lowering of the freezing point (van't Hoff-Raoult-Eykmann). These 
methods are described in Richter's Organic Chemistry. To show how their properties 
change in proportion to concentration, mention may be made of the following : A solution 
of I part of common salt in loo parts of water begins to freeze at — 0.6^, one of 2 : 100 
at — 1.2°, of 4 : 100 at — 2.4°, of 14 : 100 at — 8.4°, 1. e,, at — 0.6 X H**- Below the 
last-named temperature the proportionality does not hold for anhydrous sodium chloride, 
but for the hydrate NaCl + 2H,0. In the case of other salts the hydrates play this r6lc 
at higher temperatures: thus, Nal -j- 4H2O, MgSO^ -}- 7HjO, etc. [RUdorff and de 
Coppet]. 

THEORY OP ELECTROLYTIC DISSOCIATION. 

The laws just mentioned ^rve only for very dilute solutions, just as the laws for gases 
correspond with greater accuracy in the behavior of those gases which are far removed 
from the vapor condition (p. 122). And even very dilute solutions show deviations from 
van't Hoff's theory when the solvent is water and the dissolved substance is an electrolyte 
— a conductor of the second class (p. 262). The salts, acids and bases are electrolytes 
in aqueous solution, while the non-electrolytes are the organic compounds, with the ex- 
ception of the pronounced acids, bases and salts ; also the solutions of all substances in 
benzene, carbon bisulphide, ether, chloroform, etc. The alcoholic solutions constitute a 
transition to the electrolytes. 

An example will illustrate these important relations. Wliile the aqueous solutions of 
ether, glycol, sugar, urea and similar non-conducting organic compounds, which contain 
the molecular weight of the respective substances expressed in grams per liter, freeze at 
— 1.8°, the freezing point of the corresponding solutions of potassium iodide, sodium 
chloride and silver nitrate falls to — 3.6°, double the first ; and that of such a solution of 
sodium sulphate to — 5.4°, treble the first. The values of other colligative properties of 
these solutions manifest similar variations from the van't Hoff theory : rise in the boiling 

* If the pressure be given in atmospheres and the volume in liters, then R naturally 
acquires another value. As the molecular volume (^. 98^, at i altsvos^lx^t^ «xvd 0°, 
equals 22.4 liters, then R would equal 0.6&2 Ibecause ^ = \,^ =: a2..A»,'\ T=:ir\^>y' 
hence in general p. v = 0.082 T (liter-atmospVveTey 
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point, decTcuc in ihe vapor leoiioD, and the osmotic pressare ii also double or Irtliltr 
ibM required by the Ibeorj. Dilute aoluliani of electrolytes coiuequenlly behave as if 
they contained more molecules of the dissolved substance than tbc corresponding solu- 
tions of non-electcolyles. 

Svanle Arrheoius' theory of elrclrolytic dissociation [Z. f. phys. Ch. t {1887) 631 ; 
see also Ploncli, i*irf. 576] offers an inteipretation for this abnotmal deportment. 
According to it the electrolytes — which Hitlorf designates salt-like bodies inasmuch as 
the acids are salts of hydrogen and the bases of hydroiyl — do not exist as such in aqueous 
lotutioti but have broken down entirely or in pan into their ions (p. 365) — NaCI into 

N» and CI, AgNO, into Ag and NO,, Na^SO, into aNa and SO,, and KOH into K and OH . 
The anions are charged with negative and Ine kations witb positive electricities which, in 
■ccoid with the law of Fanday, are equally large for equivalent quantities of different 
ions, t. g-., the ion SOj contains twice the quantity of electricity of the ion CI. 

The ions regarded as independent mass-panicles for comparison's sake play the part of 
molecules and accordingly intluence the values of the cotligalive properties. This would 
explain the eaceptions, cited above, to the theoty of solutions ; the molecule NaCl, 

resolved into the ions Na and CI, acts like two molecules ; Na,RO, separated into sNi 

and SO, behaves like three molecules of a non- electrolyte. The determination of the 
lowering of the freciing point, etc. , can therefore serve in determining the degree of dis- 
•ociation. Dissociation and electric conductivity run parallel because the coiiduiiion of 
the current is influenced only by the presence of free ions and their quantity, whereas 
molecules which are not dissociated do not participate in conducting the currenL 
Accordingly the conductivity actually increases, if molecular quantities be considered, 
with growing dilution and attains its maximum when all the molecules of tbe electrolyte 
are dissociated. 

The neutral salts are most strongly dissodnted and particularly those with univalent 
ions. e. g., NaO, AgNO„ KI, NH.Br. Usually more than half of the salt is present 
in the form of free ions in aqueous solutions at medium concentrations. Salts with ]>oly- 
valent ions are less completely dissociated, and in the case of the mercury haloids the 
dissociation is extremely slight. I'he d^ree of dissociation with acids and bases corre. 
sponds to what is commonly called their " strength " ; the strongest bases and acids are 
most completely dissociated. A gradual dissociation occurs with the pulybasic acids : 

thus sulphuric first breaks down into the ions H and HSO, ; the univalent anion IISO, 

in turn dissociates into SO, and H. 

The ilrong acids would then be : Hydrochloric, hydrobromic, hydriodic, nitric, 
chloric, petcliloric and sulphuric, as well as the polylhionic acids. Strong bases : Alka- 
lies, alkaline eanhs and the oiide of thallium. In solutions of medium concentration 
these compounds are dissociated more than half. 

ModtraMy ilrong acidi: Phosphoric, sulphurous and acetic. Modtraiily slreng 
basts; Ammonia, magnesia atid silver oxide (dissociation does not exceed 10 per cent.). 

Wiak acids and basts, the dissociation of which is in pan scarcely measurable : Car- 
bonic acid, hydrogen sulphide, hydrogen cyanide, silicic acid, boric acid — the hydroxides 
of the other bivalent and trivalent metals. 

The fonnalion of a salt from a base and an acid proceeds, according to this iheoiy. in 
aqueous solution as follows ; The base breaks down into the melallic katlon and tbe 
anion OH, the acid into the kalion H and the anion — the acid residue previously com- 
bined with it Because water possesses an extremely slight d^pee of dissociation, being 
a non-conductor (a gram equivalent of its Ions is contained in about lo,otx>,ooo liters), 
it will be produced whenever the ions H and OH meet, so that in the present case, if we 
have started with equivalent quantities, only the ions of the salt will remain in solution: 

* - - ^j^ =Na + ci + H,0 + 13.7 Cal. 

K +N0,4- H,0 + 13.7 Cal. 
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The common and essential thing in these changes is the production of water from the 
ions H and OH ; the other ions remain unchanged as long as the concentratioD of the 
solution is not altered. A fact in harmony with this is that upon neutralinttg epiivaieMi 
quantities of strong bases with strong acids an equal heat modulus (thermal yalue) is 
obtained; hence, 

+ — 

(H aq., OH aq.) = 13.7. 

This fact, for which no reason could be previously observed, now seems in a similar man- 
ner to be demanded by and also to confirm the theory just discussed. 

The salt-like bodies according to the theory of electrolytic dissociation appear to be 
binary in their constitution. Berzelius' old electro-chemical theory also made them con- 
sist of electro- positive and electro-n^[ative parts — they were dualistically constituted. 
The salts of the oxygen acids consisted of the acid anhydride and the metallic oxide, e.g.^ 

— + 
potassium sulphate of SO, . K,0 — whereby they were brought in opposition to the haldd 

salts, which facts did not justify. The electro-chemical theory of Arrhenios proceeding 
from positive and negative constituents has a dualistic character, attaches itself thereby to 
the idea of Daniell and of Liebig (p. 260), and corresponds to the views to which Wil. 
liamson and Clausius were led, the former for chemical and the latter for electrolytic 
reasons (p. 265). This theory at first appeared strange and met great opposition, but 
it is now almost universally accepted and it is generally admitted that we are indebted to 
it for many great and surprising discoveries in the domain of chemistry and physics which 
had gone unobserved. It appears almost absolutely necessary for young chemists to 
make themselves conversant with this theory and to that end the publications cited on 
pp. 49, 66 will be found helpful. The following will also prove especially valuable : 
Ostwald, Foundations of Analytical Chemistry ; LUpke, Elements of Electro chemistry ; 
Le Blanc, Electro-chemistry ; Ldb, The Elements of Electro- chemistry ; Windiscb, 
Determination of the Molecular Weights. 

TRANSPOSITION OF SALTS. 

When two salts in solution or fusion come together, a chemical action will frequentiy 
occur. Claude Louis Berthollet (Essai de statique chimique, 1803) endeavored to ex- 
plain the resulting phenomena by referring them to purely physical causes, and excluded 
chemical affinity. 

In the opinion of Berthollet, four salts always arise in the solution of two. For 
example, on mixing solutions of copper sulphate and sodium chloride, there exist in solu- 
tion copper sulphate, sodium sulphate, copper chloride, and sodium chloride : 

nCuSO^ -f mNaCl yield 
(n — x)CuSO^ -f (m — 2x)NaCl + xNa^SO^ -f- xCuQ,. 

That copper chloride is really present in the solution together with the sulphate, 
follows, from the fact that the blue color of the latter acquires a greenish color, peculiar 
to the copper chloride, by the addition of sodium chloride ; other phenomena are not 
noticeable at first. Suppose one of the four salts formed in the solution is insoluble or 
volatile, the reaction will occur somewhat differently. Upon adding barium chloride to 
the copper sulphate solution four salts will be formed at the beginning just as in the first 
case. The barium sulphate produced separates, however, in consequence of its insolu- 
bility, the equilibrium of the four salts will be disturbed, and new quantities of copper 
sulphate and barium chloride act upon each other until the transposition is complete : 

CuSO^ -I- BaCl, = BaSO^ -}- CuCl,. 

The chemical transposition may, therefore, be explained by the insolubility of the barium 
sulphate. On adding hydrochloric acid, or soluble chlorides, to the solution of a silver 
salt all the silver is precipitated as chloride, because the latter is insoluble. 

Take another example. On adding sulphuric acid to a solution of potassium nitrate 
there is apparently no perceptible alteration ; yet four coin\>ouTvAs,"^'^0^, YAV^O^^'^^Vii^ 
snd HNOg, are present in ^e solution. This was proved V>7 \.\it <Vveraio-<;^w!Kvcs^\TCT«&^- 
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ptknuof JaliuTtiMlueii, uidrrDmdeleiniinatiansnudebyXNty in their chemical 
m TDlame uid deotity irhicb *re connecled with transpositions, i potassium, rubid- 
thenuelves upon the haae. The proportion or degree lo which (his «o<liunl on the 
upon the quanlitir of potusium nitrate and sulphuric acid !□ a ""'"■"^V.cipm nf (hp 
orciumuiices, luch as the Icmperature, and upon the nature of reacting S?'^^" ^ 
more sulphuric add there i« in proportion to the nitric, llie more sulphate , I he nrsl 
fbcnied. This is a case of maa-ach'oH, the theory of which was developed Sycs (see 
•od Waage (p. 95). On heating or evaporating the nitrate solution containing sodium 
add a new coi>dition arises; the lolalilily of nitric acid. Hence it follows "ivij 
cvapotation the (ranspoiition proceeds to completion in the sense of ihe equation : \ 

JKNO, + aH^O, = KHSO, + aHNO,. 
These relations are thus explained by the theory of electrolytic disso- 
ciation. Neutral salts in dilute solutions do not as a rule act tipon one 
another because, like the salts which can arise from thetn by transposition, 
they are equally dissociated. Thus a dilute solution of potassium 
chloride contains the ions K and CI, that of sodium nitrate, the ions of 
Naand NO,. If these solutions are mixed no change occurs. A solu- 
tion of exactly the same properties would be obtained on mixing corre- 
sponding amoimts of potassium nitrate and sodium chloride. 

]r a substance, leas soluble and less dissodatcd under the preTailing conditions, OUl 
be fonncd fnim the ions, (hen a transposition, apparently an exchange, will occur. It is 
in this fashion that the transpositions described above are lo be eiplained. The neutrel- 
ization of bases by adds is to be accounted for in this way : water, which is but slightly 
dissodaled, is fonned from the ions H and OH, whereas the ions which belong lo Ihe 
salt remain {p. 269). The eipnision of a neak acid from its salts by a stronger acid 
is similarly completed. While the neutral salts are approiimalely equally dissociated, 
feeble adds on the other hand are changed but little. If (hcrefote a strong acid be 
added to the solution of such a salt its hydrogen iloms will come together with the 
IS of Ibe sail aod will combine more or less completely with Ihem to an add which 



CI -I- H -f BO, -I- Na = HBO, -|- Na -|- a. 

Salts of weak adds or of feeble bases aie also hydrolylically decomposed by the aclion 
of water, 1. t., they break down into base and add, of which Ihe weak portion eiistt 
undissodated in the sdutioo. The base or add dissodaled lo a grealer eilenl may be 
recognized by the fact that its solution reacts acid (wiib feeble base) or alkaline (with 
feeble add). 

The reactions employed lo delect substances depend, according to ihe theory of elec. 
iTolytic dissodation, chiefly upon reactions of ions. All compounds, for example, which 
in aqueous solution yield Ihe anion CI, show the reaction of hydrochloric acid, so far as 
ihey produce a predpilale of siWer chloride with silver nitrate. When chlorine does not 
appear alone as an ion, but as a part of such, this reaction does not take place. TTie 
compound Na,PtCl,, the sodium salt of hydrochloiplatinic acid, rich in chlorine, does 
Dot yield a predpilale of silicr chloride with silver nitrate, because in aqueous soluliou 
il dissodales into the anion PiG, and the kalions iNa. The color of the solution is 
also malerially affeclcd by the ions. The following therefore is accordingly explained : 

When ferric chloride and potassium fluoride meet in sotulion in equivalent amounts a 
whole series of characleri sties belonging to ferric chloride solutions disappear ; the solu- 
tion is colorless; iodine is not >el free from potas»um iodide eveo after the addition of 
an add ; potassium sulphocjanide, salicylic acid and substances which otherwise detect 
ferric chloride with greal accuracy, fail lo show anything. Fonnerly there was no e»- 
planatiofl for Ihe deepsealed transposition which had evidently cxicuTied in thcliqaid, 
bai it maj be 6>tmd according to the theory o( e\ecUo\^\:K £i»oa»Ctfin to *«, ^w4.*ili 
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re completely transposed to ferric fluoride and 

n = 3KCI + FeFl,, 

iie trivalent iron ions, upon which the reactioiii 
^ger present in the solution ; therefore, the reac- 
bmpletes itself so fully that it can be applied in 
i by working with an excess of ferric chloride and 
^ed into fluoride, with potassium iodide, npoo 
bbloch). Similar relations will be cited in the 
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Rubidium, 85.4 

Caesium, 133 



■HE ALKALI METALS. 



Lithium, 7.03 

Sodium, 23.05 

(Ammonium, NH^ = 18.07) 



The metals of this group are decidedly the most pronounced in metallo- 
basic character, and this constitutes a visible contrast with the elements 
of the chlorine group, the most energetic among the acid-forming metal- 
loids. 

The alkali metals in physical and chemical properties exhibit great 
similarity. They oxidize readily in the air, decompose water violently, 
even in the cold, with the formation of strong basic hydroxides, which 
dissolve readily in water and are called alkalies (caustic potash, caustic 
soda) ; hence the name alkali metal {al kaljun, Arabic, meaning the ash 
of sea and beach plants, and the extract from the same). They are not 
decomposed by ignition. Their chemical energy increases with increas- 
ing atomic weight (more correctly atomic volume), sodium is more ener- 
getic than lithium, potassium more than sodium, and rubidium more than 
potassium. Caesium has not been studied in the free condition, but, judg- 
ing from its compounds, it possesses a more basic character than rubidium. 
We saw in other analogous groups (of chlorine, oxygen, phosphorus, car- 
bon, and similar elements), that the metalloidal, electro-negative character 
diminishes, and the basic increases with the increasing atomic weight. 

The specific gravities increase simultaneously with the atomic weights; 
but as the increase of the latter is greater than that of the former, the 
atomic volumes (the quotients -jj^t^j p- 252), are always greater. The in- 
creasing fusibility and volatility correspond to the increase of the atomic 
volumes ; rubidium distils at a red heat, while lithium volatilizes only 
with difficulty : 





Li 


Na 


K 


Rb 


Cs 


Atomic weight, 

Specific gravity (15°), . . 
Atomic volume, ... 
Fusion temperature, . . . 
Boiling temperature, . . . 
— ._. 


7.03 
0.59 
II.9 
1800 

• • 


23.05 
0.97 

23.7 
96° 

742° 


39.15 
0.87 

62.50 
6670 


85.4 

1.52 
56.1 

38.5° 

• • 

\ 


1 

I 88 

70.7 
26.50 
270** 
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Although the alkali metals exhibit a great similarity in their chemical 
deportment, we discover more marked relations between [wtassiuni, rubid- 
ium and cfBsium upon the one hand, and lithium and sodium on the 
other, which accords with their position in the periodic system of the 
elements (p. 246). Especially is this noticed in the salts. The first 
three metals form difficultly soluble tartrates and chlorplatinates (see 
Platinum). Theircarbonatesdeliquesce in the air, while those of sodium 
and lithium are stable under similar circumstances; the last is, indeed, 
rather insoluble in water. The phosphates deport themselves similarly; 
lithium phosphate is very diSicultly soluble. It must be remarked that 
the nonnal carbonates and phosphates of all other metals are insoluble in 
water. In lithium, then, which posseases the lowest atomic weight, it 
would seem (he alkaline character has not reached its full expression, and 
it in many respects approaches the elements of the second group, es|)c- 
cially magnesium, just as beryllium approaches aluminium. The elements 
of the two small periods (lithium and sodium) are, indeed, similar, but 
not completely analogous, while the homology of the three great periods 
finds expression in potassium, rubidium and c 



(Li, O, H, Aq) = 117.4 (N>, O, H, An) = 111.8 (K, O, H, Aq) = 116.4. 

On comparing these Tatues with the heal of foTDUtion of water (H,, O) ^ 68. j6 Cal.. 
we immedUtel^ peiccive why it is n itadily decomposed by the alksti metals. All 
nielals, disengaging more than 68.] Cal. in the Fonoftion oF their oxides, Mf,0, or their 
hydroiides, MK)I1, decompose water, and the energy will be greater, the greater the 
difference of heat. The insolubilily of the oxides constitutes an obstacle 1« the action ; 
this, however, may be remoied (see Aluminium) by addition of neutral solvents. Con- 
versely, all oiides, aSbtdtng less beat in their foanation, ate easily reduced by hydrogen 
(PP- 9*. «)■ 



1. POTASSIUM. 

K-W.IS. 

In nature, potassium is found principally in silicates, viz. ; feldsnar 
and mica. By the disintegration of these frequently occurring minerals, 
fmtassium passes into the soil, and is absorbed by plants ; the ashes of the 
latter consist chiefly of different potassium salts. The chloride and sul- 
phate are also found in .sea-water, and in large deposits in htassiurt, at 
Magdeburg, and in Brunswick and in Galicia, where they were left by the 
evaiX)ration of the water of inclosed seas. 

Metallic potassium was first obtained by Davy, in the year 1807, by the 
decomposition of the hydroxide, by means of a strong galvanic current. 
At present it is prepared by igniting an intimate mixture of carbon and 
potassium carbonate : 

K,CO, + aC = aK -V iCO, 
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Such a mixture may be made by the carbonization of organic potassium 
salts, €, g., crude tartar. It is then ignited to white heat, in an iron 
retort, and the escaping vapors collected in receivers of peculiar construc- 
tion, filled with rock oil. The latter, a mixture of hydrocarbon, serves 
as the best means of preserving potassium, which would otherwise oxidize 
in the air, and decompose other liquids. Potassium carbon monoxide 
(KCO), is a by-product in the preparation of the metal ; see Richter's 
Organic Chemistry. 

In a fresh section, potassium shows a silver-white color and brilliant 
met allic luster. At ordinary temperatures it is sott , l ike wax , and may 
be easily cut.^ It crystallizes in octahedra, and has a specific gravity of 
0.87 at 15^. It melts at 62^ and boils at about 667^, and when raised to a 
red heat, is converted into a greenish vapor. It o xidizes in the ai r, and 
becomes dull in color ; heated, it burns with a vioiet flame . Itdecom- 
poses water energetically, with formation of potassmm hydroxide and the 
liberation of hydrogen. If a piece of the metal be thrown upon water, 
it will swim on the surface with a rotary motion ; so much heat is dis- 
engaged by the reaction that the generated hydrogen and the potassium 
inflame. Finally, a slight explosion usually results, whereby pieces of 
potassium are tossed here and there ; it is advisable, therefore, to execute 
the experiment in a tall beaker glass, covered with a glass plate. ^Potas- 
sium combines directly and very energetically with the halogeng) 

On conducting hydrogen over metallic potassium heated to 300-400^, 
potassium hydride, K,H (or K^H,), results. This is a metallic, shining, 
brittle compound, which, upon stronger heating (above 410®), more 
readily in vacuOy is again decomposed. The sodium hydride, Na^H,, 
obtained in the same way, does not ignite spontaneously, but in other 
resi)ects is very much like potassium hydride. 

The influence of heat and pressure in the formation and decomposition of these com- 
pounds is very noteworthy. If, for example, potassium hydride be heated it melts, but 
otherwise remains unchanged. Above 2X)° (in a vacuum) it sustains a partial decom- 
position (dissociation), which gradually increases as the temperature rises. If the heating 
should take place in a closed vessel provided with a manometer, it will be observed that 
the decomposition at a given tem|)erature will continue until the liberated hydrc^en has 
acquire^ a definite tension — until it exerts a definite pressure. For potassium hydride, 
this teilion, at 33 3°, equals 45 mm. The decomposition will then cease, but will pro- 
ceed fifi^hcr at the same temperature if the hy<lr<^en gas be removed, until the pressure 
of 45 mm. is again reached. This pressure is therefore called the dissociation tettsion. 
In this manner a complete decomposition of the hydride may be effected at the tempera- 
ture given above. If, however, the disengaged hydrogen is not removed, but be added 
to the completely or partially decomposed hydride, and the pressure be raised to 45 mm. 
(at the temperature 330°), the potassium hydride will be re-formed. Consequently, both 
the decomposition and the formation of a body can follow, depending upon whether the 
external partial pressure be lowered or increased. Similar phenomena occur at higher 
temi)eratures, the corresponding pressure, of course, increasing by regular steps. 

The tension of dissociation is independent of the relative quantity of the dissociated 
body and of the space which the disengaged gas can occupy, whereas in solutions and 
absorptions (ammonia by charcoal) the pressure at one and the same temperature 
increases with the quantity of the absorbed gas. 

All exothermic compounds behave like potassium and sodium hydrides when they are 
decom|X)sed into their com|>onents ; if the pressure be raised above the tension of disso- 
ciation \\\e compontwls reunite — the compounds ai^ T^-loittted, 'Y>:i^ ^cR,o\3Qj^i\vvQit\. ^ 
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the endothermic compoandi (potassium chlonle into cbloridc and oiygcn) is quile dif- 
ferent (pp. 30, 94). It proceeds with heat disengage men I (KCI.O, = —9.8 Cal.), 
CorrespoDding lo the chemical affinities, and is only induced by a|)plicali(iii v( external 
heaL II is iodependeDt of eitetnal pressure, and there is no reunion of (he decomposi- 
(ian products upon increaung the exlemat pressure or upon lowering the temjiemlure. 

We TDUsI not omit mentioning the great analogy between the phenomena of dii- 
aociatian and the Taporiiing of liquids. Uke dissociated bodies, liquids exhibit al ell 
temperatures a definite vapor tension. If the pre^ure above the liquid be diminished 
the cTaporatian will continue until the vapoi tension is regained, but if the pressure he 
incitaMd then a corrdpooding portion of the vapor will be condensed. 



Oxygen compounds of polassium are not known in a pure state. The 
metal is not attacked by pure, dry oxygen below 60-80°. Above this 
temperature it burns in the gas, if its surface be renewed; to a yellow 
mass which, according to Erdmann and Kothner, consists of the sesqui- 
oxide, K,0„ and superoxide, KO,. The oxide K,0, from which the 
potassium salts are derived, is not defitiitely known. 

Potassium Hydroxide, or Caustic poiash {Kalium causficum), 
KOH, is obtained by the action of potassium or its oxide upon water. For 
its preparation, potassium carbonate is decomposed by calcium hydroxide 
(slaked lime) : 

K,C<^ + C»(OH), = CaCO, + aKOH. 

The solution of I part of potassiuiffj^rbonate in 10-13 parts of water is boiled wilh I 
part of slaked lime in an iron pot until a liilercd portion does not effervesce, when hydro- 
chloric acid is added ; i. r., until there is no longer any carbonic acid present. On 
standing awhile, the insotuhte calcium carbonate subsides, and the liquid becomes clear. 

ee solution of potassium hydroxide is then poured off, evaporated, the residue melted in 
ilver dish (which it does not attack), until the hydroxide bt^ins to volatilize in clouds, 
when it is poured into moulds (JC. caialiium fHsuni). The caustic potash, prepared in 
this way, is not entirely pure, but contains potassium chloride and other sails. To 
oblain a product that is chemically pure, fuse potassium nitrate with copper filings, and 
evaporate the aqueous extract of the fusion in silver vessels. 

One of the most brilliant achievements of modern chemical industry is the tlirtrotylic 
diiompeiiliBn of Iht fkloTidis of Ikr alkali mtlati into frrt chhrint and mtint ; the latter at 
themotnenl of its liberation is converted by water into its hydroxide. The practical solu- 
tion of this problem has made this operation a technical process since 1890. ^The Slass- * . 
furl polassium chloride has been thus made to yield pure caustic in solution and^ solid ^'*^C 
form ; also chlorine, bleaching lime and hydrogen (pp. 51, 278 ; also under SodA 

Polassium hydroxide forms a white, crystalline mass which fuses rather 
easily, and volatilizes undecomposed at a very high tem))erature. Ex- 
posed to the air it deliquesces, as it absorbs water and carbon dioxide. 
It is very soluble in alcohol , and especially in water. The solution 
{Liquor ndin iOUiltii ) possesses a strong alkaline reaction, sa|x>nifies the 
fats, and has a corrosive action ugion the skin and organic tissues. At 
low temperatures the hydrate KpH -J- aH,0 crystallizes out from con- 
centrated solutions. 



The haloid salts of potassium are obtained by the direct union of the 
halogens with /xitassium, and by the saXmatwn o( Ite ^vd^Qntde or cm- 
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bonate with haloid acids. They are readily soluble ia water, have a 
salty taste, and crystallize in cubes. When heated they melt, and are 
somewhat volatile. 

Potassium Chloride {K. chloratutn)^ KCl, occurs in Stassfurt in 
large deposits, as sylvite^ and combined with magnesium chloride exists 
as carnalUte (MgCl,, KCl + 6H,0). 

The opening up and the practical yields of the Stassfurt salt beds containing canial- 
lite ; kieserite, MgSC)4. H,0 ; Uchhydrite, CaG,. iMgO, + I2ll,0 ; kainite, MgSO^. - 
K,S04. MgCl, -f- 6H,0 ; boracite, aMg^BgO,, + MgCl,, and also bromides (p. 53) have 
been of great commercial importance to the German Empire. These are the largest salt- 
beds in the world. Before they were worked very considerable quantities of salt were 
imported into Germany but now that country stands at the head of all the salt-producing 
portions of the earth. In 1897 Stassfurt yielded 273, 364 tons of vodc-salt ($277,026) 
and 1,946,188 tons of crude potash salts ($6,513,553) ; in the sanie year the production 
of potassium chloride in the German Empire amounted to io8,oo3 tons ($5»7^H»423/* 

Carnallite serves as the chief source for the preparation of potassium 
chloride; water decomposes it into the more sparingly soluble potassium 
chloride and the readily soluble magnesium chloride. It is interesting to 
note that three-fourths of the potassium chloride separate in solid form 
when carnallite is heated to 176^. The liquid separated from this yields 
carnallite again on cooling to 115^, while magnesium chloride remains 
dissolved. The chloride crystallizes in vitreous cubes, of specific gravity 
1.98. . It melts at about 800^, and volatilizes at a strong red heat [see 
Jahrbuch der Chemie v (1895), 66, 67^]fl^oo parts of water dissolve 29 
parts of the salt at o^, and 56 parts at ilP. Potassium chloride is used 
in making nearly all the other potassium salts, hence it is largely ap- 
plied technically (see Potassium Carbonate, Potassium Nitrate, Potassium 
Chlorate). 

Potassium Bromide (^K, bromaium)^ KBr, is generally obtained 
by warming a solution of potassium hydroxide with bromine, when the 
bromate is also produced : 

6K0H + 3Br, = 5KBr -f KBiO, -f- 3H,0. 

The solution is evaporated to dryness, mixed with charcoal, and ignited, 
which reduces the bromate to bromide : 

KBiO, -f 3C = KBr -f 3CO. 

It is readily soluble in water and slightly in alcohol ; forms cubes of spe- 
cific gravity 2.4, and melts at about 740°. 

Potassium Iodide (A^. iodatum), KI, may be prepared like the 
preceding. The iodate produced along with the iodide upon adding 
iodine to caustic potash may be reduced by hydrogen peroxide : 

KIO, H- 3H,0, = KI -h 3H,0 + 3O, (p. 180). 

It is usually obtained according td tff following method : Iodine (3 
parts) and iron filings (i part) are rubbed together under water ; an equal 
quantity of iodine (i part> is again added to the solution of this ferrous 
iodide, Fel,, in order to form ferrous-ferric iodide, FeJ,, which is then 
boiled mth the required quantity of potassium caLi\>ow^x^\ \Xv\^h<*^ \.\^- 
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cipitate rerrous-rerric oxide; carbon dioxide esca[)es, and potassium 
iodide will be found in the solution : 

Fe,I, + 4K,C0, = Fe,0, + SKI + 400^ 
It forms large white crystals, fuses at about 710°, and is tolerably volatile. 
Its specific gravity equals 3.0. At medium temperatures it dissolves in 
o. 7 part of water and a. 5 parts of absolute alcohol. The aqueous solution 
dissolves iodine in large quantity. Many metallic, insoluble iodides dis- 
solve in it without difficulty, forming double iodides, e.g., HgI,.iKI. 
The iodide is employed in medicine and in photography. 

PotaMium Pluorida, KFI, is obtuned by distoliing the cubonate in squeoas \tjAro- 
flnoric add. It ciystallues m cubes ■! Drdinuy lenpeialum, wilh (wo moleculca tA 
water, but abore 35° doei not contain water of crystalliiation. It ii veiy soluble in 
waler. The utueoiu solution allacks glass. It is greatly inclined to combine with other 
fluorides: KFI.HFl; JIFI,.KF1. The commercial ^\K is frequently rich in arsenic. 
On adding hydrofluosilicic acid to (he solution of potassium salts, a gelatinous precipitate 



n silico- fluoride, K,SiFI,, is thrown down, which dissolves with difiicul 



Potaitium CyKnide, KCN. This sail can be produced by satuiating potassium 
hydroxide with hydrocy^ic acid, and by heating yellow prussiate ofpotash (see Iron). 
It forms a white, easily Fusible mass, which deliquesces in the air. The solution may be 
eadly decontposed. llie salt crystallizes in cubes, has an alkaline reaction, and smells 
like prussic add. As ihe result of hydrolysis free prussic acid — which is very slightly 
dissodaled — is present with free alkali. The introduction lA carbon dioxide completes the 
decomposilion. By fusion potassium cyanide reduces many metallic oxides, and hence is 
employed in reduction processes. It is just as poisonous as prussic acid. Il is applied 
in nuny ways, especially in photography and for galvanic siWering and gilding. Lately 
it has met with extended application in the eitraclion i^ gold from low-grade ores and 
from sand. Geaetally it is a mixtnte of potassium and sodium cyanides which is nsed for 
this purpose ; this can be obtained by fusing potassium fenocyanide with sodium : 

K,Fe(CNl, + JNa = aNaCN +4KCN + Fe. 

Potassium Chlorate {K. ehhrUum) KCIO,, is produced when a 
slight excess of chlorine is introdticed into caustic potash, and the hypo- 
chlorite, formed at first, oxidized thereby to chlorate. This change pro- 
ceeds most rapidly at 80-90° (see p. 1 78). The sparingly soluble chlorate 
separates when the solution cools. 

Technically, a solution of calcium chlorate, produced by slightly super- 
saturating lime-water with chlorine at 40°, is mixed with a sufficient quan- 
tity of potassium chloride, when [wlassium chlorate and calcium chloride 
result ; 

Ca(CIO,), + iKCl = CaO, -|- iKCIO,. 

Magnesia can be advantageously substituted for lime-water. 

At present this old method of Liebig is being more and more supplanted 
by the electrolytic method, partictilarly since Oettel found that poia.s.sium 
chlorate is formed electrolytically in alkaline solutions of potassium chlo- 
ride without the use of a diaphragm, which separated the anode from the 
kathode liquor. Since the electrolysis of potassium chloride yields caustic 
(together with hydrogen) at the kathode and chlorine at the anode, the 
conditions for the production of c\i\oiaVc we wicttV. "i**. ^vs'^Sr^ 
Cbem. Zeit. 1897, 996. 
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A French company in Switzerland first made chlorate electrolytically, while the ctnstic 
a kalies were first produced in this way in Germany ; England followed later. The tech- 
nical manufacture of electrolytic chlorate has been in operation since 1891 in SwitzerUnd. 
The chemical factory at Griesheim began to make caustic potash and soda electioljrtically 
in 1890. Since 1894 the electric factory at Bitterfeld has produced chiefly caustic and 
blenching liquors in the electrolytic way» Other companies have followed those men- 
tioned, and by some of them soda is now being prepared from electrolytic caustic soda. 

Potassium chlorate crystallizes from the hot solution in shining tables 
of the monoclinic system, which dissolve with difficulty in cold water (100 
parts at the ordinary temperature dissolve 6 parts of the salt). Its taste 
is cooling and astringent. When heated it melts at 360^ and at higher 
temperatures gives up a portion of its oxygen, and changes to the chloride 
and Perchlorate, KCIO^, which on further heating decomposes into 
oxygen and potassium chloride (see p. 178). With hydrochloric acid it 
liberates chlorine : 

KCIO, -f 6HC1 = KQ -f 3H,0 + aQ^ 

Mixed with sulphur, or certain sulphides, it explodes on heating and 
when struck a sharp blow. The igniting material upon the so-called 
Swedish (parlor) matches consists of antimony sulphide and potassium 
chlorate ; when this is rubbed upon the friction surface coated with red 
phosphorus it ignites. 

Potassium Hypochlorite, KCIO, is formed when chlorine is con- 
ducted into a solution of potassium hydroxide : 

2KOH + a, = KCl -h KCIO + H,0. 

It only exists in aqueous solution ; when the latter is evaporated the 
salt is decomposed into chloride and chlorate: 

3KCIO = 2Ka -h KCIO,. 

In the presence of an excess of chlorine chlorate is rapidly produced. 

The solution has an odor resembling that of chlorine, and bleaches 
strongly, especially upon the addition of acids (p. 175). The bleaching 
solutions occurring in trade (Eau de Javelle) are prepared by the action of 
chlorine upon solutions of sodium (Eau de Labarraque) and potassium 
(Eau de Javelle) carbonates; but recently they have been made by the 
electrolysis of the corresponding chlorides. They also contain free hypo- 
chlorous acid. 

The oxy-salts of bromine and iodine are perfectly analogous to those of chlorine. 
Potassium bromate^ KBrOj. and Potassium iodate, KIOj, are prepared by the action of 
bromine or iodine upon hot potassium hydroxide ; the second is also produced by the 
action of iodine upon potassium chlorate, when the chlorine is directly replaced (p. 180I. 
The experiments of Klinger and of Bassett apparently prove that a direct replacement of 
chlorine by iodine does not take place here ; it is rather the oxidation of the latter by the 
anion CIO, of the chlorate. Potassium iodate can also be made by oxidizing potassium 
iodide (i part) with potassium permanganate (2 parts) in aqueous solution. If chlorine 
be passed through a hot solution of potassium iodate or iodide in potassium hydroxide, 
the periodate of potassium, KIO4, arises ; it is difficultly soluble and when heated de- 
composes into oxygen and potassium iodalc, "w\i\c\i VVifcti V^xw^ts ^o^ti \Tv\a '^vas&vqsxv 
iodide and oxygen. 
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Bc^des ihe nomul periodales, KIO^, NbIO,, othei salts nisi which ore derived from 
Ihe highest hydroiyl compound, I(Utl)„ and its anhydro drrivutives [p. iSl ). These 
salts are veiy numeraus, and are in part monoperiodalcs, IO(Otli, and I0,(Oll),, and 

Cartty polypcriodales, produced by the condensation of several molecules oC Ihe highest 
ydroxides with the eiit of water, e. g., I,0,(OHj„ I,0,(Oll)„ and I,O,(0H),. 

Potassium Sulphate. K,SO„ is formed in the action of concentrated 
sulphuric acid upon potassium chloride, and as a by-product in many 
technical operations. It is also obtained by transposing schSniie, 
MgSO^.K^O. + 6H,0, and other Stassfurt salts containing sulphates 
with potassium chloride: 

MgSO^.K^, + sKCl = aK^, + MgCV 

It crystallizes without water, in small rhombic prisms, having a bitter, 
salty taste, and dissolves in lo parts of water at the ordinary temperature. 
It melts at about 1070". It is employed principally for the preparation 
of potassium carbonate, according to the method of Le Blanc (p. j8i). 
The acid or primary sait, KHSO,, crystallizes in large rhombic 
tables, and is very readily soluble in water. It fuses at about 300^, loses 
water, and is converted into potassium pyrosulphate, K,S,0,, which at 
600° yields K,SO, and SO, (p. 194). 

Potassium Sulphite. — The talis of sulphurous add— the primary, KTISO,. and 
the sfcondary sulpkilfs, IC,SO, — ace produced when sulnbunc dioxide comes in contact 
with a potassium carbonate solution ; they are very soluble and crystalliie with difficulty. 
The first salt shows an acid, the second an alkaline reaction. If sulphur dioiide be 
passed into a solution of potassium carbonate until effecvesccnce ceases and then cooled, 
the pyrosulphite, K,S,0„ corresponding to the pyrosulphate, will crystalliie out. 

Poiaasiuro Pettulphate, K,S,0^ results on electrolyzing a saturated solution of 
acid potassium sulphate, when it separates at the anode as a white crystalline precipitate. 
It can be crystallized from hut water ; on rapid cooling it separates in small prisms. Its 
solution oiidiics, has a cooling, sail-like taste and does not yield a precipitate with solu- 
tions of other metals (the salts of silver, manganese and cobalt excepted). The dry salt 
commences to decompose at 100° into oxygen and pyrosulphate (see p. 18S). 

Potassium Nitrate, SalipeUr {K. nilricum), KNO„ occtirs in the 
largest amounts in East India, especially in Ceylon, at Bengal and at 
Gutscharat (Bombay) in distinct layers; in cavities (in Ceylon) once 
the lairs of animals and of men's dwelling-places, which are even now 
inhabited by hosts of field mice. It is found in abundance in other 
torrid regions in the soil, upon which it effloresces during the. dry sea- 
son (hence W.salt; Ttrpa, rock), e.g., in Peru, in Bolivia, in South 
Africa, also in Egypt, etc. It is produced wherever nitrogenous organic 
substances decay in the presence of potassium carlninale (aided by micro- 
organisms), conditions which are present in almost every soil. The 
intentional introduction of these is the basis of the artificial niter pro- 
duction in the so-called saltpeter plantations, which were formerly cul- 
tivated actively in Spain. Hungary, Sweden and Switzerland. Manures 
and various animal offals are mined with wood ashes (potassium car- 
bonate) and lime, arranged in pnrinis layers, and submitted to the action 
of the air (protected from rain) for two or three years, when nitrates are 
produced from the slow oxidation of l\\« muo^tn. 'W^\\«a.'iji^t'^«^ 
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treated with water and potassium carbonate added to the solution, which 
contains potassium, calcium and magnesium nitrates, to convert the last 
two salts into potassium nitrate : 

Ca(NO,), -f K,CO, = CaCO, + 2KN0^ 

The precipitate of calcium and magnesium carbonates is filtered off and 
the solution evaporated. The soils of East India containing niter are 
similarly worked. Until the Crimean War (1852-1855) the demand 
for potassium nitrate in manufacturing gunpowder was met almost exclu- 
sively by East India. The numerous and constant inquiries for the salt 
led German chemists to transpose the Chili sal|^ter by means of Stass- 
furt potassium chloride into the potassium salt (conversion saltpeter) : 

NUNO, 4- KCl =r NaQ -f KNO,. 

Warm saturated solutions of equivalent quantities of sodium nitrate 
and potassium chloride are mixed and boiled, when sodium chloride, 
being less soluble in hot water, will separate. On cooling the solution 
potassium nitrate, being less soluble in cold water, crystallizes out; 
sodium chloride is about equally soluble in hot and cold water, for which 
reason the portion not separated by boiling remains in solution (p. 266). 

Potassium saltpeter crystallizes without water of crystallization in large, 
six-sided rhombic prisms. It is far more soluble in hot than in cold 
water; 100 parts of water dissolve 247 parts at 100**, but at o® only 13 
parts. It possesses a cooling taste, fuses at 340^, and decomposes, when 
further heated, into oxygen and potassium nitrite, KNO,. Heated with 
carbon it yields potassium carbonate : 



4KNO, -f- 5C = 2K,CO, -f 3CO, -f 2N,. 



Its principal use is in the manufacture of gunpowder. This is a granular mixture of 
potassium nitrate, sulphur, and charcoal. The relative quantities of' these constituents 
are somewhat different in the various kinds of powder (sporting, blasting, and powder 
free from sulphur). The first consists of 4KNOs -f 2C -j- 2S = 2K,S04 + 2CO, -f 2N, ; 
the second : 4KNO, -f 6C -|- 4S =r 2K,S, -f- 6CO, -f- 2N,, and the third : 4KNO, -f 5C 
= 2K,COj -|- 3CO, -\- 2N,. These three varieties, mixed in different but simple propor- 
tions, constitute the powders in general use. Each variety possesses peculiarities as to 
ignition, combustibility, energy content, heat and gas content. The mixing is made in 
accordance with the demand for any one or more of these properties. The effectiveness 
of the powder, therefore, depends upon the disengagement of carbon dioxide and nitrogen 
gas, the volume of which is almost 1 000 times as great as that of the decomposed powder. 

' Potassium Nitrite (A', m/rost/m), KNO^, is obtained by fusing 
saltpeter with lead (2 parts) which withdraws one atom of oxygen from 
the former (p. 205). It forms a white, crystalline, fusible mass, which 
deliquesces in the air. 

Potassium Phosphates. — The potassium salts o{ phosphoric acid : 
KgPO^, KjHPO^, and KH^PO^, meet with no practical application, they 
are readily soluble in water and crystallize poorly ; therefore, the sodium 
salts are generally used. The borates, KBO, and K^B^O^ -(- 5^,0 (see 
Borax), crystallize with difficulty. 
Potassium Carbonate, K^CO^, ordltxaxW'^ Vltvo^tv ^ ^^oVaSkVi^^^Ys. 

the principal ingredient of the ashes oC land \\a.xv\^. 
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As looo parts of wood yield 3-5-18 parts of ashes and the potassium 
carbonate in the latter is o 45-4 paris it is obvious that only countries 
like Russia, Canada, the United Stales, Hungary and Galicia where 
there is an abundance of woodland can produce potashes in large 
amounts from the wood ashes. '1 he latter are extracted with water, the 
clear filtrate is then evaporated until it solidifies on cooling, when the 
residueis dehydrated and decolorized by calcination in ovens. The prod- 
uct is emde poiashts. By repeating the preceding treatment purified 
potashet or pearl ash is obtained. In countries like Belgium, Germany, 
France and Switzerland where sugar beets are cultivated large quantities 
of potassium carbonate are separated from the ash of the beets. Beets 
withdraw large quantities of potash salts from ti.e soil which if the latter 
is to remain fertile must be returned to it by potash fertilizers. In this 
direction the Siassfurt potash salts are most valuable. The alkali salts of 
the beet are in its juice and they remain, when the sugar is extracted 
from the latter, in the molasses. When the latter is allowed to ferment, 
then evaporated and subjected to dry distillation, alcohol, ammonia, 
trimethylamine and other valuable substances are obtained ; furthermore, 
the residual coke is rich in potash. lis aqueous extract is worked for 
potassium carbonate. Sheep's suint contains potassium salts of organic 
acids which on incineration yield potassium carbonate. The same salt 
is obtained as a by-product in the manufacture of iodine and bromine 
from sea-algse and sea- weeds. 

In Germany all these methods for the preparation of potassium carbon- 
ate give place to those in which the Stassfurt potassium chloride is ulil-, 
ized, from which pota.<isium carbonate is prepared by two methods : 

1. Method of Le Blane. — This will be discussed in connection with 
soda. H. GrQneberg was the first to employ it in making potashes. 

I. Method of Ch. X. En-;el in Monlpellier.— Precht introduced this 
method into German industries. Magnesium carbonate is mixed with a 
solution of potassium chloride, and the liquid, while being stirred, is 
saturated with carbon dioxide. A double salt of magnesium carbonate 
and acid potassium carbonateseparates while the solution contains mag- 
nesium chloride : 

3MgC0, 4- aKO + CO, + 9H,0 = 2[MgCO,. KHCO,. 4(1,0] -f- MgQ,. 

The double salt is freed from any adherent liquor by washing it with a 
solution of magnesium bicarbonate, after which it is decomposed under 
pressure with water at 140". Basic magnesium carbonate separates in a 
compact form; carbon dioxide escapes, and the liquid containing pure 
potashes is evaporated and the residue calcined. Potassium carbonate 
free from sodium salts can be obtained in this way, because sodium chlo- 
ride does not act upon magnesium carlxtnate. 

The commercial carbonate is a white, granular, deliquescent powder, 
melting at 890', and vaporizing at a red heat. It crystallizes from con- 
centrated aqueous solutions with ij4 molecules of water, in monoclinic 
prisms; at too" it loses }i molecule of watM. 'T\\e^ii\K'i^V'»&a.t:3K«0vt. 
taste and shows an alkaline reactioti. VJVeiv taiVwnv SvQ'»^ft ^'*' *^'^- 
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ducted through the liquid it is absorbed and primary potassium carbonate 
is produced : 

K,CO, -f H,0 + CO, = 2KHCO,. 

This salt, ordinarily called bi-carbonate, crystallizes in monocUnic 
prisms, free from water. It dissolves in 3-4 parts of water and exhibits a 
neutral reaction. When heated, it decomposes into potassium carbonate, 
carbon dioxide, and water. The decomposition of the dry salt does not 
begin until at about 110^, while the aqueous solution decomposes even on 
evaporation. Potassium carbonate is used almost entirely in the produc- 
tion of Bohemian or crystal glass. 

Constam and v. Hansen electiolyzed solutions of potassium caibonate, cooled to 
— 15*^, and obtained at the anode Potassium Percarbonate, K^CjO^ — a slightly blue- 
colored, deliquescent powder. It is formed, like the peisulphates, bj the union of the 
ions KCO„ into which (together with potassium ions) the caibonate is decomposed by 
the current It resembles the persulphates in properties, in so far that when heated to 
200-300*' it rapidly decomposes into carbonate and oxygen. Oxygen escapes from its 
aqueous solution at 45®. It is a powerful oxidant ; many dyes are bleached by it 
Dilute acids evolve hydrogen peroxide from it : K,C|0. -f 2HO = 2CX>, + 2KCI -\- 
H,0, ; this also occurs with caustic potash : K,C,0, + 2KOH = 2K,CO, + ^fir '^ 
solution rapidly reduces manganese peroxide, lead peroxide and silver oxide with energetic 
liberation of oxygen : Ag,0 4- K,C.O, = Ag, -f- K-CO, 4- CO, + O,. See p. 102. Its 
chemical structure is very likely anuogous to that of the persulpnates (pp. 188, 189, 279) : 

O — SO,K O — CO,K 

A — SO,K A — CO,K. 

Potassium Silicate, water-glass, does not possess a constant com- 
position and cannot be obtained crystallized. It is produced by solution 
of silicic acid or amorphous silicon dioxide in potassium hydroxide, or by 
the fusion of silica with potassium hydroxide or carbonate. The concen- 
trated solution dries in the air to a glassy, afterward opaque, mass, 
which, when reduced to a powder, will dissolve in boiling water. Potas- 
sium (and also sodium) water-glass has an extended application, especially 
in cotton printing, for the fixing of colors (stereochromy), in rendering 
combustible material fireproof, in soap boiling, etc. 



SULPHUR COMPOUNDS OP POTASSIUM. 

Potassium Hydrosulphide, KSH, is obtained when potassium 
hydroxide is saturated with hydrogen sulphide : 

KOH -f H,S = KSH -f n,0. 

Evaporated in vacuo it crystallizes in colorless rhombohedra, of the for- 
mula 2KSH -f H,0, which deliquesce in the air. At 200°, it loses its 
water of crystallization, and at a higher temperature fuses to a yellowish 
liquid, which solidifies to a reddish mass. Like the hydroxide, it has an 
alkaline reaction. On adding an equivalent quantity of potassium hydrox- 
ide to the sulphydrate solution, we get potassium sulphide: 

KSH -I- KOH = ¥L^S -V ^lO, 
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Potassium Sulphide, K,S, is usually obtained as a porous mass by 
gently heating a mixture of potassium sulphate and carbon in well-closed 
crucibles ; 

K,SO, + aC = K,S + aCO,. 

When fused, it solidifies to a red crystalline mass. It crystallizes from 
concentrated aqueous solutions with five molecules of water, in colorless 
prisms, which deliquesce in the air. The solution absorbs oxygen from 
the air, and is decomposed into potassium hyposulphite and caustic 
potash: 

sK^ + H^ + lO, = K^O, + iKOH. 

Potassium hydrosulphide and sulphide precipitate insoluble sulphides 
from the solutions of many metallic salts. They are decomposed by acids 
with liberation of hydrogen sulphide. 

When the aqueous solution of the sulphide is boiled with sulphur the 
polysulphidet, K,S„ K,S,, and K,S,, are formed. The aqueous solutions 
of the polysulphidcs arc decomposed by acids, with disengagement of 
hydrogen sulphide and separation of sulphur (milk of sulphur). The so- 
called livtr of sulphur (^Hepar tulphuris, K. sulpkuratum), a liver-brown 
mass, used in medicine, is obtained by the fusion of potassium carbonate 
with sulphur, and consists of a mixture of potassium trisulphide with 
potassium sulphate and hyposulphite. 

The aqueous solution of the potassium, as well as that of the sodium 
sulphide, dissolves some metallic sulphides, and forms sulpho-salts with 
them (pp. aa3, 235). 



When dry ammonia is conducted over heated potassium, potassamide 
(NH,K) results. This is a dark-blue liquid which solidities to a white, 
crystalline mass. It sublimes at about 400°, and above that temperature 
breaks down into its elements. Water decomposes it into potassium 
hydroxide and ammonia. 



Recognition of the Potassium Compounds. — In all of its com- 
pounds potassium is present as a positive univalent element. Almost all of 
the potassium compoundsare easily soluble in water. The few exceptions 
serve for the characterization and separation of potassium. Tartaric acid 
added to the solution of a potassium salt gives a crystalline precipitate 
of acid potassium tartrate. Plalinic chloride (PtCI,) produces in potas- 
sium solutions a yellow, crystalline precipitate of PtCl, . iKCI (p. 271)- 
Potassium silico(1uoride,K,SiFl,, is also sparingly soluble and can be used 
in delecting and estimating potassium. Potassium com|)ounds introduced 
into the flame of an alcohol or a gas lamp impart to the same a vie/ef col- 
oration. The spectrum of the flame is d aracieriied by two bright lines, 
one red and one violet (sec Spectrum Analysis). 



284 INORGANIC CHEMISTRY. 



2. RUBIDIUM AND CESIUM. 

Rb = 854. Cs = 133. 

Rubidium and caesium are the perfect analogues of potassium (p. 273). They were 
discovered by means of the spectroscope, by Bunsen and Kirchhoff, in i860. Although 
only occurring in small quantities, they are yet very widely distributed, and frequently 
accompany potassium in mineral springs, salt, and plant ashes. The mineral lepidolite 
contains 0.5 per cent, of rubidium ; upward of 30 per cent, of caesium oxide is present 
in the very rare pollucite, a silicate of aluminium and caesium. Stassfurt camallite also 
contains rubidium. The spectrum of rubidium is marked by two red and two violet 
lines ; caesium by two distinct blue lines ; hence the names of these elements (rubidus, 
dark red ; casiuSf sky-blue). 

Rubidium and caesium form double chlorides (PtC1^.2RbCl, PtCl^.CsCl) with plati- 
num chloride, and they are more insoluble than the double platinum salt ofpotassium, 
hence may answer for the separation of these elements from potassium. This is also 
true of the compounds aRbCl.SnCI^, 2CsCl. SnCl^ and 2SbCl|. jCfCl, which are rather 
sparingly soluble. 

Rubidium and caesium may be obtained free by decomposing the fused chloride with the 
electric current. Erdmann and Kdthner [Ann. Ch. 294 (1897 ), 58] obtained large yields of 
rubidium by heating its hydroxide with magnesium in a seamless, knee-shaped iron tube : 

2RbOH + 2Mg = 2Rb -|- 2MgO -\- H^ 

Dry hydrogen is conducted through the tube while heating. The rubidium, which dis- 
tils over, is collected under liquid paraffin. Metallic rubidium has a silver- white color, 
with a somewhat yellowish tinge ; its vapor is greenish-blue. Its specific gravity equals 
1.52; its melting point is 38.5^. Oxygen at the ordinary temperature converts it into 
rubidium iHoxiSt^^ Rb()„ consisting of dark-brown crystals, which are transposed by 
water at a gentle heat into oxygen and rubidium hydroxide : 

2RbO, 4- 2H2 = 2RbOH -f H,0 -f O. 

The dioxide dissolves in water with hissing and the tumultuous evolution of oxygen ; 
hydrc^en peroxide is produced at the same time. The oxide RbO is not known. The 
iodide at present is quite frequently substituted in medicine for potassium iodide. 

Casium like rubidium is isolated by heating caesium hydroxide with magnesium powder 
in an atmosphere of hydrogen or by the electrolysis of a mixture of caesium and barium 
cyanides. Electrodes of aluminium are employed for this purpose. Caesium is a silver- 
white metal, of specific gravity 1.85. It oxidizes quite readily and inflames in the air. 
It melts at 26.5° and boils at 270°. . 

Since 1892 Wells and Wheeler, and also Erdmann, have prepared an interesting 
series of caesium and rubidium halides. The metals in these appear to be trivalent and 
also quinquivalent, f. g.^ RbClBr,, RbBr,, RbCI^I, CsBr,, CsBr^I,, Cslj. Rubidium 
iodine tetrachloride, RblCl^, results in conducting chlorine into a rubidium iodide solu- 
tion. It crystallizes in monoclinic yellow leaflets. It dissolves with difficulty in water. 
Its solution acts as a powerful oxidant ; it dissolves gold and platinum. It is still undeter- 
mined whether these are atomic or only double compounds (e.g-^ RbCl.ICl,). The 
rubidium and caesium compounds are distinguished from those of potassium by entering 
inlo union more readily and in greater proiwrtion with other halides to form double salts, 
/•. ^^, with AsClj, AsBr, and Aslj, with which potassium double halides have not been 
prepared. 



3. SODIUM. 

Na = 23.05. 

Sodium is widely distributed in nature, especially as chloride in sea- 
water and as rock-salt ; and is also found m ?aV\c2lV^^. \\.^ xvvvc^v^'vs. OcvX\ 
saltpeter, and its fluoride in union mtVi aXumuVwim ^wo\\e^^ c^xv^sMwax^ 
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the Cryolite of Greenland . The metal was obtained in 1807, by Davy, 
by the action of a strong electric current upon fused sodium h)droxicie. 
It was formerly (i8ss)i 'ilie potassium, obtained upon a large scale by 
igniting a mixture of sodium carbonate, finely divided anthracite and 
limestone in an iron retort : 

N«,CO, + »C = aN. + 3CO. 

A great kdnnce vu made in its manufaclure when Caslner (1866), al Oldbury, Bir- 
mingham, reduced the hydrate iastead of the carbonate with carbon impregnated witb 
(inely divided, spongy iron. Gay-Lussac and Thtnard (iSoSj had reduced Ihe hydroxide 
with netallic iron at » while beat : 

aNaOH + aFe = zNa + aFeO + H,. 

Netto (1898, Walliend, Newcastle-on-Tyne) invenied a most sarisfaclory proceas, 
abandoning it, however, laler. It consisted in allowing molten caustic soda to nin over 
wood charcoal placed in vertical iron retorts. Sodium vapors escaped constantlj from 
ao exit tube at the t<qi, while fused caibonate ran out from a lube at the butioDi : 

jNaOH + C = Na,CO, + Na + H,. 

The sodium vapor* were condensed in flat iron receivers and the liquid metal was 
collected under rock oil. 

Castncr and Kellner electrolyzed a salt solution, using mercury as artode ; the amalgam 
was then distilled when mercury was expelled and sodium remamed. 

Grabau electrolyied fused salt after reducing its melting ixiint by adding potassium 
and strontium chlorides. The sodium then escnped in vapor form. 

Sodium can be made on a smalt scale by heating the peroxide with freshly ignited 
wood charcoal 1 

3Na,0, + aC = Na, + zNa,CO,. 

Calcium carUde may be substituted for the charcoal ; 

7Na,0, + aCaC, =. tCtO + 4Na,C0, + jNa,. 
The action in both caies b vei7 eoergetic. 

Sodium in external properties is very similar to potassium. It melts at 
95.6°, boils at 743°, and is converted into a colorless vapor, which 
(burns with a bright yellow flame in tite air^ It oxidizes readily on ex- 
posure, and decomposes water even in the cold, although less energet- 
' ically than potassium. A piece of sodium thrown upon water swims 
about upon the surface with a rotary movement, the disengaged hydrogen, 
however, not igniting. If we prevent the motion, by confining the 
metal to one place, the heat liberated by the reaction attains the ignition 
temperature of hydrogen, and a flame follows, as was also observed with 
p 'tassium (p. 40). 

Sodium Oxide, Na,0, is not delinilclj known. 

Sodiutn Peroxide, Na,0,, has recently been introduced into commerce as a 

bleaching agent. It is made by heating sodium in a stream of dry air, using vessels of 
aluminium and a temperature helow 300°. Il is a yellow-white powder. IL melts with 
greater difliculty than caustic soda, and at elevated temperatures gives olT oxygen. Water 
decomposes it with caustic soda and oxygen which escapes upon boiling. With ice-water 
it forms a solution containingboth caustic soda and hjrdrogen peroxide. On careful evapora- 
tion such solutions ]rield crystalline hydrates of sodium superoxide. Anhydrous acids and 
alcohol appear to decompose it with the fonnalion of a peculiar hydrate : 

Na,0, + HQ = NaCV -V^1»0,H, 



^. 
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which probably has the formula Na-O-O-H. Sodium superoxide acts on maoj organie 
compounds with the production of flame and the separation of carbon. At a red heat it 
is superior to all other oxidants in its powerful action (I part of the material, 2 parts oC 
soda and 4 parts of sodium superoxide). 

Sodium Hydroxide, sodium hydrate, or caustic soda, NaOH, like 
potassium hydroxide, is formed by boiling a solution of sodium car- 
bonate with calcium hydroxide: 

Na,CO, -f Ca(OH), = CaCO, + 2NaOH. 

At present it is directly {produced in the soda manufacture by adding a 
little more carbon to the fusion (see Soda) ; or by the electrolysis of 
sodium chloride (pp. 29b, 291). 

The sodium hydroxide which solidifies after fusion is a white, radiating, 
crystalline mass, and resembles caustic potash very much. It attracts 
water from the air, becomes moist, and coats itself by carbon dioxide 
absorption with a white layer of sodium carbonate (caustic potash del- 

Iiquesces perfectly, because the resulting carbonate is also deliquescent). 
The aqueous solution, called sodium hydroxide, resembles' that of potas- 
sium. Crystals of NaOH + 3i^H,0 separate at 0° from the concentrated 
solution ; they melt at 6®. 

Sodium Chloride, NaCl, is abundant in nature. It is found almost 
everywhere in the earth and in natural waters ; in sea-water it averages 
2.7-3.2 per cent. As rock-salt it forms large deposits in many districts, 
especially at Stassfurt and Wieliczka in Galicia (p. 276). 

In warm climates, on the coasts of the Mediterranean Sea, sodium chloride is gotten 
from the sea according to the following procedure: At high tide sea- water is allowed, 
to flow into wide, flat basins (salt gardens), in which it evaporates under the sun*s heat; 
the working is limited, therefore, to summer time. After sufficient concentration, pure 
sodium chloride first separates, and this is collected by itself. Later, there crystallizes a 
. mixture of sodium chloride and magnesium sulphate ; finally potassium chloride, magne- 
T slum chloride and some other salts appear (among them potassium iodide and bromide), 
the separation of which constitutes a special industrial branch in some regions. In 
cold climates, as in Norway and at the WTiite Sea, the cold of winter is employed for the 
production of salt. In the freezing of sea- water, as well as of other solutions, almost 
pure ice separates at first ; the enriched sodium chloride solution is then concentrated in 
the usual way. 

Rock-salt is either mined in shafts, or, where the strata are not so large and are 

admixed with other varieties of rock, a lixiviation process is employed. Borings are made 

in the earth and water runs into them, or into any openings already formed. WTien the 

water has saturated itself with sodium chloride, it is pumj^d to the surface and the brine 

then further worked. In many regions, especially in Reichenhall, in Bavaria, more or 

/less saturated natural salt or brine springs flow from the earth. The concentration of the 

I non-saturated brine occurs at first in the so-called ** graduation '* houses. These are long 

7 wooden frames filled with fagots, and on letting the salt water run u(x>n them it will be 

I distributed and evaporated by the fall ; the concentrated brine collects in the basin below, 

I and is then evaporated over a free fire. 

Sodium chloride crystallizes from water in transparent cubes, of specific 
gravity 2.13, which arrange themselves by slow cooling into hollow, four- 
sided pyramids. It melts at 815° and volatilizes at a white heat. It is not 
much more soluble in hot than in cold water ; 100 parts at 0° dissolve 36 
parts of salt ; at 100®, 39 parts. T\^esaU\TaV^ds»o\^3^\oxv,^^cv^\^lQ.x^^^w^^<\^'?» 
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about ]6 per cent, of sodium chloride. If the saturated sohition be cooled 
below— lo, large monoclinic tables (NaCl -f 2 H,0) separate ; these lose 
water at o" and become cubes. 

The ordinary sodium chloride usually contains a slight admixture of 
magnesium salts, in consequence of which it gradually deliquesces in the 
air ; the perfectly pure salt is not hygroscopic. When heated the crystals 
crackle, because of the escape of the mechanically enclosed water. 

Sodium Bcomidn and Iodide cryBUlliie at ordinary temperalutes wiih two molecules 
of water, wbich they lose again at 30° ; above 30° they separate in anhydrous cubes. 
Sodium bromide fuses at 760° and the iodide at 690° ; the fonncT h diflicullly soluble in 
alcohol and the lattei is very soluble. 

Sodium Cbioraie (NaClO,) and Perchlorate (NaCIO^) are considcnbly more solu- 
tile in water Ibao the correspondinft potasaum sslts. 

Sodium lodate, NbIO,, is obtained in the same manner as the potassium salt, and 
■t ordinary lempenilures crystalliies with three molecules of water in silky needles. It 
ii present in Chili saltpeter. If chlorine gas t>e conducted tlirouf-h the wanned solution 
of Midium iodale in sodium hydroxide, the periodale lO < inH^ '^'^ P' '^') crystal- 
lizes out on cooling. This becomes the iiormal salt (NalO, -{- 3"t^) when dissolved in 

Soditim Sulphate {JVa/rium sulphuricum), Na,SO^, crystallizes at 
ordinary temperatures with ten molecules of water of crystallization, and 
is then known as Glauber's salt {Salmirabilt Glauberiy It occurs in 
many mineral waters, and in large deposits, wiih or without water of 
crystallization, in Spain. It is a by-product in the manufacture of 
sodium chloride from sea-water and brine. It is produced in largequan- 
tities by heating salt with sulphuric acid : 

*Naa + H^, = Na,SO, -^ 2HCI, 

and is used in making soda (sodium carbonate). Or it may be prepared 
by the method of Hargreaves, by conducting sulphur dioxide, air and 
Steam over strongly ignited sodium chloride : 

iNsQ + SO, -i- O f H,0 = Na,SO, + allCl. 

More recently the sulphate has been obtained by a transposition of 
sodium chloride with magnesium sulphate at a winter temperature — a 
procedure which is prosecuted chiefly in Slassfurt, where immense quan- 
tities of mi^nesium sulphate (kieserite) exist : 

iNaCl -I- MgSO, = MgCI, -|- Na,SO(. 

Sodium sulphate crystallizes at ordinary temperatures with ten molecules 
of water, in large, colorless, monoclinic prisms, which crumble in the air 
and fall into a white powder. The salt Na,SO,-f ioH,0 is only stable at 
temperatures below 34". It melts at 34°. separating into a saturated 
solution and the anhydroussalt Na,SO,. The latter melts at about 886". 
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denly with the temperature, but gradually. A sadden change in solubility is connected 
with a change in condition of the substance passing into solution. This applies also to 
Glauber's salt. loo parts of water dissolve, at o**, 12 parts; at l8®, 48 parts; at 25^, 
100 parts ; at 30®, 200 parts ; at 34**, 354 parts of the hydrous salt At the last tem- 
perature the solubility is greatest ; by further increase of heat it gradually diminishes ; at 
50^, 100 parts of water dissolve only 263 parts ; at loo®, 238 parts of the salt. This is 
explained by the fact that up to 34° the solubility relates to the salt Na^SO^ + 10II.O. 
which cannot exist at higher temperatures. From this point upwards the solubility 
relates to the anhydrous salt which separates as a deposit in small rhombic pyramids, if 
the solution of the hydrous salt, saturated at 34®, be heated higher. 

(When the solution, saturated at 34®, is allowed to coot to the ordinary tempeiatare, 
and even lower, not the slightest separation of crystals occurs, although the salt is vastly 
more insoluble at lower temperatures than at 34®. Many other salts fonn supersaturated 
solutions^ although they are less striking than that of Glauber's salt. The supersatnimted 
solution of the latter may be agitated and twirled about without crystallisation setting in. 
If, however, a glass rod, or some other solid body, be introduced into the solution, it will 
solidify suddenly to a crystalline mass. The particles of dust floating about in the air 
will have a like effect ; therefore, to preserve the supersaturated solution, the vessel con- 
taining it should be kept well corked. By accurately made investigations, it has been 
determined that the crystallization of the supersaturated Glauber's salt solution is only 
induced by contact with already formed cnrstals. These must then be present every- 
where in the atmosphere, because only solids that have been exposed to the air, and 
that have not been carefully cleansed afterward, bring about the crystallization. 

In the crystallization of a supersaturated Glauber's salt solution considerable heat is 
disengaged, and the mass increases in temperature. This is becanse the latent heat of all 
substances in the liquid condition is greater than in the solid. At lo*', occasionally, and 
of their own accord, transparent crystals, Na^SOi -f- 7H,0, separate from the supersatu- 
rated solutions. These crystals change readily to anhydrous sodium sulphate and 
Glauber's salt. 

This salt is employed in medicine as a purgative, and finds extended 
application in the manufacture of glass and in the preparation of soda. 

The primary or acid sodium sulphate, NaHSO^, is obtained by 
the action of sulphuric acid upon the neutral salt or upon sodium chloride : 

NaQ + HjSO^ = NaHSO^ -f HQ. 

At ordinary temperatures it crystallizes with one molecule of water, 
and is perfectly analogous to the potassium salt. 

The sodium salts of sulphurous acid are obtained by conducting sulphur dioxide into 
solutions of sodium hydroxide or carbonate. The secondary sulphite^ Na,SOj, crystallizes 
with seven molecules of water at ordinary temperatures; in the presence of sodium 
hydroxide, or by wanning the solution, it separates in the anhydrous state. The primary 
siiiphiUf NaHSO,, consisting of small, easily soluble crystals, gives up sulphur dioxide in 
the air, and is oxidized to sodium sulphate. According to Schwicker, when it is neutralized 
with potassium carbonate it forms yellow, indistinct crystals of sodium potassium sul- 
phite, NaKSOj -f- H,0. Primary |x>tassium sulphite on the other hand, when neutral- 
ized with soda, yields the salt NaKSOj -}- 2H,0, consisting of hard, yellowish crystals. 
This forms entirely different compounds with organic iodides from those which the first 
salt (with which it is isomeric, if the water of crystallization be disregarded) affords. Two 
isomeric sodium potassium hyposulphites, NaKS^O,, are obtained when these salts take 
up sulphur. The following formulas express their structure : 

K-SO,-ONa Na-SO,-OK 

KS-SO,-ONa NaS-SO, OK. 

[Ber. 22 (i88g), 1728 ; see also pp. iS6, i<i&."\ 
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Sodiam Hyposulphite, Na^,0„ Sodium Thiosulphate, is pre- 
pared by boiling the aqueous solution of neutral sodium sulphite with 
flowers of sulphur : 

N^SO, + S = NsS,0^ ^^ 

It is obtained as a by-product iu the recovery of sulphur from the soda 
residues. It crystalliz es with five molecules of water, in large monoclinic 
prisms, dissolves ve ry r eadily in wate r, and is somewhat deliquescent in 
the air. At 56" it melts in its water of c ry stall iiali on ; loses all water 
at 100°, and decomposes by further heating into sodium sulphate and 
sodium pentasulphide, Na,S,. When the dry salt is heated in the air, the 
sulphur of the polysulphlde burns with a blue flame. /[Acids decompose 
the aqueous solution with separation of sulphur and evolution of sulphur\ 
dioxide (p. 197) : ^-X^i *" ^^ -^aij}. >-?CtA. y»«Vv *^- 

N.AO, + «Ha =s aN«a + so, + s + h,o. 

Like the sulphate, it readily affords supersaturated solutions. The 
hyposulphite is used as a reducing agent; chlorine, bromine and iodine 
are converted by it into the corresponding halogen salts. An iodine 
solution is instantaneously decolorized by sodium hyposulphite with the 
production of sodium tctrathionate (p. 199) (Chlorine behaves differ- 
ently; sulphuric acid and sodium chloride are produced) Upon this 
reaction rests the application of sodium hyposulphite as an anlichlor in 
chlorine bleaching, to remove the excess of the chlorine, which has a 
destructive action upon the fiber. (In consequence of its proj^erty of dis- 
solving the halogen silver derivatives, it is employed in photography^ 

Sodium Carbonate (Soda), Na,CO,. This, technically, very im- 
portant salt is obtained (i) as natural soda, (3) from the ashes of plants, 
and (3) by chemical methods. 

I. Natural soda disintepates from the soil in certain district s, a& in 
Hungary, Asia, and Africa, during the hot seasons. It is a constituent 
of many mineral springs, e. g., Carlsbad, and of the soda seas of Egypt, 
of Central Africa, and of the coasts of the Caspian and Black Seas, of 
California, and of German East Africa. In these seas or lakes a salt 
deposits having the formula 

N»,CO, -I- NmHCO, -I- aH/>. 

In Egypt it is called Iro-na and in Colombia urag. Its occurrence at 
Owen's Lake, Inyo County, California, is the only one of scientific 
importance. The waters of this lake upon evaporation yield very large 
quantities of quite pure soda. 

1. Soda from the Ashes 0/ P/an/s.— Before Le Blanc's process came 
into use the greater portion of soda was made from the ashes of sea and 
coast plants (^Chiiu^Xfdium, Salsola, AtripUx, Saiicornia, etc.); these 
assimilate the sodium salt) of the earth, while the land jtlants absorb the 
potassium salts, and for this reason contain potashes in their ash. In 
Southern France and in Spain beacVk p\aiitt wt« mi wt -^^n. w(«:0.iK\-^ 
caltivaled for this purpose. The Spanish aofia^'was ^\<\>,\ias\l ■i\0^ '■^■^ 
'9 
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carbonate and controlled the markets for a long period. At present soda 
from the ashes of plants possesses only a local interest. 

3. In the chemical way soda is prepared almost exclusively from salt 
(NaCl). The following methods are in use: (i) That discovered in 
1794 by Le Blanc ; (2) the ammonia-soda process introduced in 1866, and 

(3) the electrolytic method of recent date. To these may be added the 

(4) cryolite soda process. 

I. In the Le Blanc method the sodium chloride is converted into 
sodium sulphate by warming with sulphuric acid (pp. 58, 287). When 
the latter is dry, it is mixed with charcoal and chalk (calcium carbonate) 
and ignited in a reverberatory furnace. Two principal phases may be 
distinguished in this reaction. Firsts the carbon reduces the sodium 
sulphate to sodium sulphide : ^ TU^ct -4^ ^^ J^d^ s >U^^o r- -r^htJ 

NajSO^ + 2C = Na,S + 2COy 

The sodium sulphide then acts upon the calcium carbonate to form 
calcium sulphide and sodium carbonate : 

Na,S + CaCO, = CaS f Na,COy 

At the same time the high temperature converts a portion of the cal- 
cium carbonate into calcium oxide and carbon dioxide, which is reduced 
by the ignited carbon to the monoxide : 

CaCO, = CaO + CO, ; CO, -f C = 2CO. 

The appearance of the latter, which burns with a bluish flame, indicates 
the end of the action. The chief products in the soda fusion are, then, 
sodium carbonate and calcium sulphide, mixed with varying amounts of 
calcium carbonate, calcium oxide, and foreign substances. This fused 
mass is called crude soda * It is lixiviated in specially constructed appa- 
ratus with cold water ; the sodium carbonate dissolves, and there remain 
behind calcium sulphide, calcium carbonate, and a portion of the foreign 
substance — the soda residue . 

During the iTxiviation the caustic lime present in the crude soda acts 
upon the sodium carbonate with the assistance of water, and there result 
calcium carbonate and sodium hydrate. The latter passes into solution 
with the soda: 

CaO -f H,0 -f. Na,CO, = CaCO, + 2NaOH. 

It is possible by the Le Blanc process to obtain a preponderance of 
sodium hydroxide if the soda fusion be mixed at the beginning with more 
carbon, heated intensely and the crude soda be then extracted with hot 
water. 

When the solution is evaporated the soda will separate from the hot 
liquid as a crystalline powder, Na,CO, -f H,0. It is removed from the 
liquid, and new liquors are introduced, etc. (The mother liquor, the 
so-called red liquor, contains finally caustic soda and sodium sulphide 
almost exclusively. The soda flour is fxeed ^xorcv \\\^ tcv^xWx \\^\v>\ V^N -a. 
centrifugal, dried and calcined — calcined soda^ Yox Iw\n^^^ V^x\^^^<vs^ 
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it is recrystallized from water, when it separates in large, transparent 
crystals of the formula Na,CO, -f- ioH,0 — eryslalliztd soda. 

Tie by-prodacls and the refuse in ihe manuracture of soda — bydrocliloric acid and 
Boda residues — must be utilized as fully as pouible, becauH of Ihe enormous competition 
encountered by Ihe manufacluren. To (his end the hj'dtochloric acid is converted by the 
pmceiis described on page 50, into chloiine and bleaching lime and the sods lesidues are 
woriied in raricus ways to get Iheii sulpliur content into an available form. Of lale 
years Ibe ChaiKe-Claui method has been adopted. It consists in decomposing the 
residues «ilh carbooic add ; CaS + 11,0 + CO, = CaCO, + 11^, and burning die 
liberated hydrogen sulphide either wilh an insufficiency of air. when sutjihut will sepa- 
rate : H,S-|- 0=H,0 + S, or within exccu of air when sulphur dioxide is formed: 
H,S -I- 3O = H,0 4- SO,. The last product is then conducted into lend chambers 
(p. 189). About 70,000 toiks of sulphur are recovered antiually (legenetated sulphur). 

3. The amtiu mia'Soda procesi 
sodium chloride witti primary 
chloride and primary sodium carbonate : 

NaO -1- NHjHCO, =NaHC^+ NH.O. 

This change takes place at the orditmy temperature. The acid sodium 
carbonate being sparinglvsoluble in ^ told wate r, is converted into sodium 
carbonate upon ignition ; 

sNaHCO, = Na,CX), + CO, + H,0. 

The ammonium chloride remains in solution . Ammonia is recovered 
from it by means of lime. In actual practice carbon dioxide is con- 
ducted under pressure into a concentrated salt solution saturated with 
ammonia : 

Naa + NH, + 00,-1- H,0 = NH,a -+ NaHCO,. 

The temperature must not exceed 40°. The carbonic acid is obtained 
by burning lime, and when the bicarbonate is heated half of it is 
recovered. The lim e from the calcite is us ed to generate ammonia frum 
am m o nium chloride . The raw material in mis process consists there fo r^ 
of &iM ina limestone which, with the assistance of ammonium salts, are 
converted into soda and calcium chloride (p. 50).* 

This process is exceedingly simple from the chemical standpoint. 
Difficulties arose in building the necessary apparatus on a technical scale 
and they militated against the general adoption of the method. Fortu- 
nately they have been completely overcome, and this is due in a large 
measure to E. Solvay , so that at present the production of soda by the 
Le fitanc process is becoming less frequent. It is only in England that 
the old method holds sway. 

3. The Le Blanc method with its improvements was in operation for a century before 
it was displaced by the ammonia-soda process, and now the laitcr is beinc seriously 
thmlened by ■ du^eroos rival — Ihe electrolytic produciion of caustic alkalies, alkaline car- 
bonates, dllndne aM potassium chlorate (p. S7S). When an aiiueoos saltsiilutii.n is clec- 
trolyied chicane aepaimtes at the anode and sodium at the kathode. The Inner acta 
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immediately on the water, producing hydr<^en and sodium hydroxide. The free chlorine 
would produce sodium chloride and hypochlorite or chlorate (pp. 175, 1 76) if the kathode 
and anode liquors were not separated by a porous diaphragm. DiiBculties, in the construct- 
ing of the diaphragms, confronted the technical utilization of the process. There is no sab- 
stance which does not gradually disintegrate when used as anode. However, all these 
objectionable features have been, in a measure, overcome. The sodium hydrazide is 
obtained as such or it is separated in the form of the sparingly soluble bicart>oiiate upon 
conducting carbonic acid through its solution. The chlorine is brought into tnde in the 
liquid form or it is changed to bleaching lime. 

4. Considerable quantities of soda are obtained at present from cryolite, a compound 
of aluminium fluoride and sodium fluoride (AlFl, . 3NaFl), which occurs in great deposits 
in Greenland. The pulverized mineral is ignited with burned lime or chalk ; insoluble 
calcium fluoride and a very soluble compound of aluminium oxide with sodium oxide, 
called sodium aluminate (see Aluminium), are produced: 

2(A1F1, . 3NaFl) -f 6CaO = 6CaFl, + A1,0, . 3Na,0. 

The mass is treated with water and carbon dioxide, obtained by burning lime, con- 
ducted into the solution, which causes the precipitation of aluminium oxide, and sodium 
carbonate dissolves : 

A1,0, . 3Na,0 + 3H,0 + 3CO, = A1,(0H), -f 3Na,CO,. 

This method is no longer in use in Europe. It continues of value in North America 
and in Denmark, because these countries control large deposits of crjrolite. Caldom 
fluoride is largely employed by them in the manufacture of glass and porcelain ; the 
aluminiimi oxide b used for making alum, aluminiimi sulphate or metal. 

At ordinary temperatures sodium carbonate crystallizes with ten mole- 
cules of water (Na,CO, -|- ioH,0) in large monoclinic prisms, which 
crumble upon exposure and become a white powder. It melts at 50** in 
its water of crystallization, and upon heating a pulverulent hydrate, 
Na,CO, + 2H,0, separates, which in dry air has one molecule of water, 
and at 100° loses all of this. At 30-50° rhombic prisms of the compo- 
sition Na,CO, + 7H,0, crystallize from the aqueous solution. (The anhy- 
drous salt absorbs water from the air but does not deliquesce.^ It melts 
at 850° and volatilizes somewhat at a very high temperature. 100 parts 
of water dissolve 7 parts at 0°, and at 38°, 52 parts of the anhydrous 
salt. At more elevated temperatures the solubility is less, as in the case 
of the sulphate. Sodium carbonate has a strong alkaline reaction ; acids 
liberate carbon dioxide from it. 

Primary Sodium Carbonate, ordinary bicarbonate of soda {Na- 
trium bicarbonicum), NaHCO,, is produced by the action of carbon 
dioxide upon the hydrous secondary carbonate : 

Na,COj -f CO, -f H,0 = 2NaHCO,. 

It crystallizes without water, in small monoclinic tables ; it dissolves, 
however, at ordinary temperatures in 10-11 parts of water, and possesses 
feeble alkaline reacti on. By heating and by boiling the solution it |>asses 
into the secondary carbonate with disengagement of carbon dioxide. 
The dry salt decomposes rapidly even below 100**. By rapid evaporation 
small monoclinic pri>ms of the so-caUed s»r»d\v\vcv %^sc\^\caxVy::>w^.\ft., 
Na^CO^ -f- 2NaHC0^ + 2H,0, separate. T\v^ ^\\. >«\ac\\ 4^v^\\s.Vcv>^^ 
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sodium seas of Hungary aud Egvpt, has the composition Na^CO, -|- 
NaHCO, + aH,0 (p. 289). 

Sodium Nitrate, NbNO,, Cliili saltpeter, is found in immense 
deposits in Peru. The saltpeter earth contains of sodium uitiaie from 15 
to 65 parts out of 100 parts, the rest l)eing sodium chloride, a little potas- 
sium nitrate, potassium pcrchlorate and sodium iodate(pp. 55, 178). The 
soil is extracted with boiling water ; on cooling, crude saltpeter separates ; 
it is purified by recrystallization. It crystallizes in rhombohedra very 
similar to cubes, hence designated cubic laltpeie r, to distinguish it from 
the " Prismati c" potassium salipeter! It fuses at about 318°. In water 
it is somewhat more easily soluble than potassium saltpeter. In the air it 
attracts moisture, hence it is not adapted for the manufacture of gun- 
powder. In other respects it is perfectly similar to potassium nitrate. It 
is largely used in the manufacture of nitric acid, and especially in pre- 
paring potassium saltpeter (p. 379). 

Sodium Nitrite, NaNO,, is prepared like potassium nitrite (p. 380), 
by heating sodium nitrate with lead, iron, or graphite. It crystallizes 
more readily than potassium nitrite, and does not deliquesce in the air. 
It occurs in trade in small colorless crystals, containing from 93 to 98 per 
cent, of the pure salt. It is largely used in the dye industry for the 
preparation of the azo- compounds. 

Sodium Phosphates. —The sodium salts of phosphoric acid are less 
soluble and crystallize belter than those of potassium. The trisoditim 
phosphate, Na,PO,, is made bysaturatingonemoleculeof phosphoric acid 
with three molecules of sodium hydroxide, and crystallizes in six-sided 
prisms with twelve molecules of water. It has a strong alkaline reactio n, 
absorbs carbon dioxide from the air, and is converted into the secondary 
salt. 

Disodium phosphate, Na,HPOj, is the most stable of the sodium uhos.- 
lAates, and hence is generally employed in laboratories {^Natrium phos- 
phorieutii). It may be obtained by saturating phosphoric acid with 
sodium hydroxide to feeble alkaline reaction, or may be prepared on a 
large scale by decomposing bone ashes (tricalcium phosphate) with an 
equivalent amount of sulphuric acid and precipitating the calcium as 
dicalcium phosphate with soda. It crystallizes at ordinary temp>cratures 
with twelve molecules of water in large monoclinic prisms which effloresce 
rapidly in the air. It separates from solutions with a temperature above 
30" in non-efflorescing crystals containing seven molecules of water. It 
is soluble in 4—5 parts of water, and shows a feeble alkaline reactio n. 
Wlien heated Th<. Ull Iusls W&ter, melts at about 300" and becomes 
sodium pyrophosphate, Na^P,©,, which crystallizes with ten molecules 
of water, and upon boiling with nitric acid passes into primary sodium 
phosphate. 

The primary or monosoHium phosphate, NaH,PO„ crystallizes with one 
molecule of water, and exhibits a faintly acid reaction . At 100° it loses 
its water of crystallization, and at 200" tie comes di sodium pyrophosphate, 
Na^,P,0,, which at 340° forms sodium metaphosphate, NaPO, : 

N«,H,pp, = aN»PO, -V ^O. 
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We get various modifications of the raetaphosphate, according to the 
conditions of fusing and cooling ; they are probably polymerides, cor- 
responding to the formulas Na,P,0,, Na,P,0,, etc. Upon heating sodium 
metaphosphate with metallic oxides the latter dissolve, and salts of ortho- 
phosphoric acid are formed, e, g. : 

NaPO, 4- CuO = CuNaPO^. 

In this manner, characteristic colored glasses (phosphorus beads) are 
obtained with various metals. In blowpipe analysis this behavior serves 
for the detection of the respective metals. 

The salts of arsenic add are perfectly analogous to those of phosphoric add. Of the 
antimoniates may be mentioned the disodium pyroantimoniate, Na,H,Sb,Oj -f* 6H,0, 
which is insoluble in cold water, and is therefore precipitated from the soluble sodium 
salts on the addition of dipotassium-pyroantimoniate. 

The phosphates show more plainly than the sulphates that the hydrogen atoms of a 
polyhydric acid, replaceable by metals, are not of equal importance for the " strength " 
of the acid. The hydrogen Brst replaced acts like the hydrogen of a stxx>ng acid, while 
the second and third follow it successively. This is also seen in the reactions of the 
aqueous solutions and may be explained by the theory of electrolytic dissociation as 
follows : The dissociation of phosphoric acid into the ions PO^H,^^ and H^ is that of 
an acid of medium strength (p. 269). The second hydrogen atom is dissociated like a 
feeble acid and the third is not at all dissociated in aqueous solution. Consequently the 
solution of sodium triphosphate does not contain the trivalent anion FO/^^ together with 
the sodium ions. As the third hydrogen atom of the acid shows less tendency to disso- 
ciate than water the following transposition immediately takes place : PO^^^^ -j- 
H^ 4- HO' = PO^H^' -h HO^ so that the solution contains the ions PO^H''^ — 2Na' 

and Na' — OH', which are the cause of its alkaline reaction. 

Sodium Borate.^The normal salts of boric acid, B(OH),, and 
metaboric acid, BO. OH (see p. 242), are not very stable. The ordi- 
nary alkaline borates are derived from tetraboric acid (H,B^O^), which 
results from the condensation of four molecules of the normal boric add : 

4B(0H), — 5H,0 = H,B,0,. 

The most important of the salts is borax, which crystallizes at ordinary 
temperatures with ten molecules of water in large monoclinic prisms, 
Na^B^O^ + loHjO. Borax occurs naturally in some lakes of Thibet, 
whence it was formerly imported under the name of iinkal. At present, 
it is prepared artificially by^boiling or fusing boric acid with sodium car- 
bonate.^ At ordinary temperatures, the crystals dissolve in 14 parts of 
water, at 100° in one-half part; the solution has a feeble alkaline reac- 
tion. When heated to 70° rhombohedra crystallize from the concen- 
trated solution, and have the composition Na,B^O^ -f 5H,0, formerly 
known as octahedral borax. Both salts puff up when heated, lose water, 
and yield a white, porous mass {burned borax)^ which fuses at 880® to a 
transparent vitreous mass (Na,B^O^). In fusion this dissolves many metal- 
lic oxides, forming transparent glasses {borax beads), which frequently 
possess characteristic colors ; thus copper salts give a blue and chromic 
oxide gives a green glass. Therefore, borax niav be employed in blow- 
pipe tests for the detection of certain metals. QUpon this property of 
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dissolving metallic oxides depends the application of borax for the fusi. n 
and soldering of metals,^ 

Sodium Silicate (sodium water-glass) is analogous to the potassium 
salt, and is most readily obtained by fusing quartz with sodium sulphate 
and charcoal. 

The sulphur compounds of sodium are also analogous to those of potas- 
sium. 

Sodium Nitride, NaN, (sodium azoimide^, is the sodium salt of hydrazoic acid, 
N,H. It results from derivatives of azoimide, oy neutralizing the free add or by decom- 
posing the ammonium salt with caustic soda. W. Wislicenus prepared it by heating 
sodamide (p. 283) to 150-250° in a current of nitrous oxide : 

NaNH, 4- N,0 = NaN, -f H,0. 

The water produced here decomposes a portion of sodamide into sodium hydroxide and 
ammonia : 

NaNII, -f H,0 = NaOH + NH, 

[Ber. 25 (1892), 2084 ; see also Z. f. anorg. Ch. 6 (1894), 38]. It can be recrysUllized 
from water or may be precipitated by alcohol from water. Its solution reacts alkaline 
and has a very salty taste. It is not exploded by a blow, but this occurs when it is 
heated. [Curtius, Ber. 24 (1891), 3346; see also p. 133.] 



Recognition of Sodium Compounds. — Almost all the sodium 
salts are easily soluble in water, sodium pyroantimoniate, Na,H,Sb,OY, 
excepted; this is precipitated from solutions of sodium salts by potassium 
pyroantimoniate, and can serve for the detection of sodium. Sodium 
compounds, exposed in a colorless flame, impart to the latter an intense 
yellow. The spectrum of the sodium flame is characterized by a very 
bright yellow line, which, when more strongly magnified, splits into two 
lines. (See Spectrum Analysis.) 



4. LITHIUM. 

Li = 7.03. 

Lithium occurs in nature only in small quantities, but is tolerably 
widely disseminated, and is found in some mineral springs and in the 
ashes of many plants, notably in that of tobacco and the beet . As a com- 
pound silicate, it occurs in lepidolite or lithia mica ; as phosphate (with 
iron and manganese) in tripnyiite, ana (^witn aluminium, sodium, and 
fluorine) in amblygonite. 

The metal is separated from the chloride, or, better, from the more 
easily fusible mixture of equal parts of lithium chloride and potassium 
chloride, by means of the electric current, and is sil ver- white in color , 
decomposing water at ordinary temperatures. Its sitecific gravity is 0.59. 
It is the lightest of all the metals, and swims ui>on naphtha . It melts at 
180®, and burns with an intense light. It burns energetically in hydro- 
gen at a red heat to lithium hydride ^ LiH, which is a comparatively stable 
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white powder. The lithium salts are at present prepared almost entirely 
from amblygonite ; they are very similar to the salts of sodium, but closely 
approach those of magnesium. 

Lithium Chloride, LiCl, crystallizes, at ordinary temperatures, in 
anhydrous, regular octahedra ; below 10**, however, it has two molecules 
of water, and deliquesces in the air. 

Lithium Phosphate, Li,P0^4- ^H,0, and Lithium Carbonale, 
LijCO,, are difficultly soluble in wate r; therefore they are precipitated 
from solutions ot iittiium salts by sodium phosphate or carbonate. By 
strong ignition the carbonate loses carbon dioxide. So far as these two 
salts and also lithium fluoride, which is soluble in very little water, are 
concerned, lithium approaches the metals of the second group (p. 273). 
Its compounds c olor the flame a beautiful red ; the spectrum shows an 
intense red line together with a faint yellow line. 



AMMONIUM COMPOUNDS. 

Upon p. 128 we observed that ammonia combines directly with the 
acids to form salt-like compounds, which are analogous to the metallic 
salts, especially those of potassium with which they are isomorphous. The 
univalent group, NH^, playing the rdle of metal in these derivatives, is 
called ammonium J and the derivatives of ammonia, ammamum com- 
pounds. The metallic character of the group NH^ is confirmed by the 
existence of ammonium amalgam, which, as regards its external appear- 
ance, is very similar to the sodium and potassium amalgams. Ammonium 
amalgam may be prepared by letting the electric current act upon ammo- 
nium chloride, NH^Cl, viz., by immersing the negative platinum elec- 
trode into a depression in the ammonium chloride, which is filled with 
mercury and stands upon the positive electrode. Then, as in the case of 
the decomposition of potassium or sodium chloride, the metallic ion — 
ammonium — separates on the negative pole, and combines to an amalgam 
with mercury. The amalgam may also be obtained if sodium amalgam 
be covered with a concentrated solution of ammonium chloride : 

(Hg -h Na) and NH^Cl yield (Hg -f- NH,) and NaQ. 
Sodium amalgam. Ammonium amalgam. 

Ammonium amalgam forms a very voluminous mass with a metallic 
appearance. It is very unstable, and decomposes rapidly into mercury, 
ammonia and hydrogen. 

The aqueous solution of ammonia reacts strongly alkaline, and from its 
entire behavior we must assume the existence of ammonium hydroxide 
(NH^OH) in the solution. This is justified because there are many 
organic derivatives of ammonium hydroxide, in which the hydrogen of 
the ammonium is replaced bv hydrocarbon residues; e. g., tetramethyl 
ammonium hydroxide, N(CH3\0H. These are thick liquids, of strong 
basic reaction and, in all respects, are very similar to potassium and 
sodium hydroxides. 
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Ammonium Chloride, NH,Cl(5a/am»i(7fu'i7«<m), issometimesroiind 
ill vulcanic districts, and was formerly obtained by the dTydistillation of 
camel's dung (p. 136). At present it is prepared almost exclusively from the 
ammonia water of gas works. This water contains ammonium sesquicar- 
bonaie in addition to the other ammonium salts. It isdistilledwith lime 
and tbe escaping ammonia caught in hydrochloric OTSulphuric acid. The 
ammonium chloride iscarefuUy heated and recrystallized or sublimed. By 
sublimation it is obtained as a compact, fibrous mass. It dissolves in 3.7 
parts of cold and in one part of boiling water, and crystallizes from the 
solution in small, feather- like, groupied oclahedra or cubes, of sharp, 
salty taste. ^When heated, ammonium chloridesublimes without melting ; 
at the same time a dissociation into ammonia and hydrochloric acid is 
sustained, but these products recombine to ammonium chloride on cool- 
ing^ The dissociation begins at 280° and is complete at 350°, and the vapor 
density corresponds to that of a mixture of similar molecules, ofNH, and 
HCI, I. e., J 7-°T + ^ - J^ . = ,6.76 (0, = 3i). A like decomposition is sus- 
tained by the ammonium chloride when its solution is boiled ; ammonia 
escapes and the solution contains some free hydrochloric acid. 

Ammonium Sulphate, (NH,>,SO,, crystallizes without water in 
rhombic prisms, and is soluble in two parts of cold and one part of hot 
water. It fuses at 140*', and by further .heating decomposes. Most of it 
is used as a fertilizer. 

Aminoniuni Peranlphate (pp. iSS, 379), (NH,1^0„ obtiined by the eledrolysii 
of anmionium sulphilc, is at present mule on ■ Inrge sciilc and is used a« an midBtit. It 
consists or Tpry soluble moiuiclinic ciystkls. It dircomposes when its aqueous solution ii 
evaporated, yielding ammoniutn sulphate, free sulphunc acid and oxygen. This salt is 
applied in making the other pcisulphalM. 

Ammonium Nitrate, NH,NO„ is isomorphoua with potassium 
nitrate and deliquesces in the air. It melts at 159"; at 170" decomjjosi- 
tion into nitrous oxide and water commences and is tumtittuons at 340" 
(p. 211). It has been recently applied in the manufacture of blasting 
material. 

Ammonium Nitrite, NHjNO,, is present in minute quantities in the 
air, and results from the action of the electric spark upon the latter when 
moist. It may be obtained by the sattiration of aqueous ammonia with 
nitrous acid [Z, f. anorg. Ch. 7 (1894), 34], and in a perfectly pure 
condition bv the decomposition of silver or lead nitrite by ammonium 
chloride. Heat decomposes it, especially when in concentrated solution, 
into nitrogen and water (p. 115). 

The decompositioD of ammonium nilrile into water and nitrogen and ammonium 
■utnle into nitrout oitde and waler are both eiothermic reactions, occurring with Ibe 
disengagement of heat and are independent of the pressure of the disengaged gas ; the 
components do not rennite lo form their original compounds. This is not a case of dis- 
tociation (p. 374). 

Ammonium Hyponitrite, NH^.O-N-N-O-NH^, hss been prepared recentljr 
by conducting ammonia into an ethereal solution of hyponitrous acid. It foims while 
crystals. It melu st 64' with TJolenl decomposition. It gradually breaks down at Ihe 
otilinaiy temperature into ammotua, waler and nitrous oiide Qsee p. 311 and Hanuscb 
tnd Kiabmoo, Ado. Cbem. igi (1896), 317"^. 
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Ammonium Carbonate. — The tuutrai ox secondary salt (NHJ,CO,, 
separates as a crystalline powder, when ammonia gas is conducted through 
a concentrated solution of commercial ammonium carbonate. It parts 
with ammonia in the air and becomes the primary or acid salt, NH^HCO,, 
which, when heated to 58^, dissociates into carbon dioxide, ammonia, 
and water. 

The common commercial, so-called sesquicarbonate of ammonium^ is 
generally a mixture of primary ammonium carbonate with ammonium 
carbamate (NH JHCO, + NH,CO, . NH,. The latter may be obtained 
by the direct union of carbon dioxide with ammonia; water immedi- 
ately converts it into the neutral salt (p. 234). Experience has demon- 
strated that the commercial salt quite often contains carbon dioxide and 
ammonia in the same proportion as the acid salt, (NH^)HCO,. It arises 
in the decay of many nitrogenous carbon compounds, e. g., the urine, 
and was formerly prepared by the dry distillation of bones, horn, and 
other animal substances. At present it is obtained by heating a mixture 
of ammonium chloride, or sulphate, with calcium carbonate. It then 
sublimes as a white, transparent, hard mass. 

Primary Ammonium Carbonate, NH^HCO,, is obtained by satu- 
rating ammonium hydroxide with carbon dioxide. It is a white, odor- 
less powder, rather insoluble in water. In aqueous solution it gradually 
loses carbon dioxide and is changed to the secondary carbonate. 

Ammonium Phosphates. — The most important of these is the 
secondary ammonium-sodium phosphate , NH^NaHPO^ .+ 4H,0, ordi- 
narily termed salt of phosphorus (Sai microcosmicum). It is found in 
guano and in decaying urine. It can be obtained by the crystallization 
of a mixture of disodium phosphate and ammonium chloride : 

NajHPO^ + NH^a = NH^NaHPO^ + NaQ. 

It consists of large, transparent, monoclinic crystals. When heated it 
fuses, giving up water and ammonia and forms a transparent glass of 
sodium metaphosphate, NaPO, (p. 294). It serves in blowpipe tests for 
the detection of various metals. 

The tertiary ammonium phosphate^ (NHJjPO^, separates, in crystalline 
form, upon mixing concentrated solutions of phosphoric acid and ammo- 
nia. Upon drying, it loses ammonia and passes into the secondary salt^ 
(NHJjHFO^, which changes to the primary salt, (NHJH,PO^, when its 
solution is boiled. This is in harmony with what was said on p. 294 rela- 
tive to the behavior of phosphoric acid. 

Ammonium Nitride, N3(NH4), the ammonium salt of hydrazoic acid, obtained from 
an organic body, diazohippuramide, or by saturating hydrazoic acid with ammonia, is pre- 
cipitated from its alcoholic solution by ether in the (orm of a snow-white, crystalline pow- 
der. It separates from alcohol in compact, colorless leaflets, consisting of step-like 
groups of crystals. It resembles ammonium chloride in this respect. It crystallizes from 
water in large, transparent prisms, which soon become opaque. It has a slight alkaline 
reaction ; it is not hygroscopic ; it dissolves readily in water and in alcohol. It is 
exceedingly volatile ; it grradually disap|iears in the air and it is also carried off by 
aqueous and alcoholic vapors. It sublimes, when gently heated, in smalU shining 
prisms; on rapid heating it explodes (^Cuttius, p. \^V 



METALS OF THE SECOND CKOUP. Z99 

AmmoDium Sulphide, (NHJ,S, results upon mixing i volume of 
hydrogen sulphide with a volumes of ammonia at — 18°, It is a white 
crystalline mass, dissociating, at ordinary temperatures, into NH,SH and 
NH,. In aqueous solution il also seems to dissociate into its constituents. 
At 45" it completely dissociates into ammonia and hydrogen sulphide : 
(NH,),S = aNH, + H,S. 

Ammonium Hydrosulphide, NH,SH, is produced upon conduct- 
ing hydrogen sulphide into an alcoholic ammonia solution. It is com- 
pletely dissociated at 45° : 

NH,SH = NH, + H^. 

It is obtained in aqueous solution by saturating aqueous ammonia with 
hydrogen sulphide. At first the solution is colorless, but on standing in 
contact with the air becomes yellow, owing to the formation of ammonium 
polysulphides, (NH,>^. The so-called yellow ammonium sulphide is 
more easily obtained by the solution of sulphur in the colorless hydrosul- 
phide. ^th solutions are often employed in laboratories for analytical 
purposes. 

Recognition of Ammonium Compounds. — AH ammonium salts 
arc volatile or decompose upon heating. The alkalies and other bases 
liberate ammonia from them, which is recognized by its odor and the 
blue color it imparts to red litmus-paper. Platinum chloride produces 
a yellow crystalline precipitate of ammonio- platinum chloride, PtCl«. - 
3NH,C1, in solutions of ammonium chloride. An excess of tartaric acid 
precipiutes primary ammonium tartrate. 



METALS OP THE SECOND GROUP. 

Ca40 Sr87.6 Ba 137.4 

Be 9. 1 Mg 04.36 

Zn65.4 Cd 111 Hg 300.3. 

The second group of the periodic system (see Table, p 146) comprises 
chiefly the bivalent metals, which form compounds of the type MeX„ and 
in their entire deportment exhibit many analogies. Their special rela- 
tions and analogies are more closely regulated by their position in the 
periodic system. Beryllium and magnesium belong to the two small 
periods whose members are similar but do not show complete analogy. 
Beryllium exhibits many variations from magnesium, and in many prop- 
erties approaches aluminium ; just as lithium attaches itself to magnesium 
(P- 373)- 

The metals calcium, strontium, and barium constitute the second 
members of the three great periods, are very similar to one another (p. 
244), and in accord with their strong basic character, attach themselves 
to the alkali metals— potassium, mbid'tum an4 tatsixna, TXtvt, iji&aisOTa.» 
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and mercury, which correspond to them and constitute the second sab- 
group, really belong to the right, negative sides of the three great periods. 
They fall in with the heavy metals, are much less basic, and resemUe the 
alkaline earth metals only in their combination types. In consequence 
of the double periodicity of the three great periods both sub-groups (Ca, 
Sr, Ba and Zn, Cd, Hg) exhibit many analogies to niagnedum and 
beryllium. 



I. GROUP OF THE ALKALINE EARTHS. 

Calcium, . . Ca = 40 Strondnm, . . Sr = 87.6 Barium, . . Ba = 137.4- 

The metals of this group are termed alkaline earth metals, because 
their oxides attach themselves in their properties, on the one side to the 
oxides of the alkalies, upon the other to the real earths (alumina, etc.). 
Their atomic weights bear almost the same ratio to one another as those 
of the alkali metals, hence the alkaline earth metals show the same grada* 
tion in properties as the elements of the potassium group. (With in- 
crease in atomic weight and atomic volume, their chemical energy and 
basicity become greater.^ Barium decomposes water energetically, and 
oxidizes more readily than strontium and calcium. In accord with this, 
we find b arium hydroxide a st ronger ba se ; it diss 9}vcg ratl^ er readily in 
water, does not gecompose upon ignitio n, and ab sorbs otrbon dioxid e 
rapidly From the air. Barium carbonate is also very stable, fuses aT'a 
white Tieat, and only disengages a little carbon dioxide. Calcium hy- 
droxide, on the other hand, dissolves with more difficulty in water, and 
when ignited, breaks down into water and calcium oxide; the carbonate 
also yields carbon dioxide when similarly treated. In its entire charac- 
ter, strontium stands between barium and calcium. All these affinity re- 
lations find full expression in the heat of formation of the corresponding 
compounds (p. 327). 

While the alkaline earth metals are similar to the alkalies in their 
free condition and in their hydroxides, they differ essentially from them 
by the insolubility of their carbonates and phosphates, and still more of 
their sulphates. Barium sulphate is only soluble to the slightest degree 
in water and acids, while strontium sulphate is about 40 times and cal- 
cium sulphate about 800 times as soluble (p. 309). 

The atomic weights of these metals have been determined in part from their specific 
heats, but mainly from their isomorphism with the metals of the magnesium group 
(pp. 253, 255). 



1. CALCIUM. 

Ca»4a 

Calciutii belongs to the class of elements most widel]|{ distributed upon 
the earth's surface. As calcium carbonate (Ixmesloxve, xoaxViVfc, OKaSk.\ 
Md the sulphate (gypsum, alabaslei"), Vl ie^xeafcxiX& \mtaew&fc ^«^\n^\ti 
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all stratified formations. As phosphate, it constitutes phosphorite, as 
^\xax'\Ae, fiuorite, both of which are abundant. As silicate, it is found in 
most of the oldest crystalline rocks. 

The metal is obtained, according to Moissan, by heating calcium 
iodide with an excess of sodium to a dark-red heat. The liberated 
metal dissolves in the sodium, and when cold the latter is removed by 
anhydrous alcohol. It dissolves with the evolution of hydrogen to 
sodium alcoholate. The calcium remains as a brilliant white crystalline 
powder. It can also be prepared by the electroljs'sol the iused ctiioride 
or iodide. Although the affinity of calcium tor oxygen is less than thai 
of the alkalies, yet t he oxide (also barium oxide and strontium oxide) 
cannot be reduced to metal ^y ignilion with carbon, iron, or sodium — 
due, probably to the non-fusibiiity 01 the oxide. These oxides, how- 
ever, are reduced in the electric furnace; the liberated metals com- 
bine at once with carbon to yield metallic carbides (pp. 153, 307). 

Calcium is a yellow, shining metal, of s;)ecilic gravity 1.55-1-6. In 
dry air it is tojeraPiy stab ierin mciist it is covered with a layer of 
hydroxide. It de composes water with considerable energy. It fuses at 
a red heat, and in the air burns with a brilliant yellow light. If the-v 
metal be heated in nitrogen to a red heat calcium nitride, Ca,N„ results. / 
This is a brown mass which water decomposes with the formation of t 
calcium hydrate and ammonia. Lithium, strontium, barium and mag- \ 
nesium behave similarly (p. 316). Calcium slowly unites with hydrogen-' 
at the ordinary temperature, but rapidly at a red heat, forming calcium 
hydride, CaH,, an earthy, gray ptowder, which decomjKJses water more 
energetically than calcium itself. 

Calcium Oxide, CaO (lime), may be obtained pure by igniting the 
nitrate or carbonate. It is prepared on a large scale by burning the 
ordinary limestone or marble (CaCO,) in lime-kilns. It is a grayish- 
white amorphous mass, which becomes crystalline at 2500" and liquid 
like water at 3000". It vaporizes at higher temperatures (Moissan). 
The oxyhydrogen flame thrown upon a piece of lime causes it to emit an 
extremely intense white light {Dnimmond's lime light). In the air 
lime attracts moisture and carbon dioxide, becoming calcium carbonate ; 
burned lime unites with water with evolution of much heat, breaking 
down into a white voluminous powder of calcium hydroxide, Ca(OH), — 
slaked lime. 

When limestone contains 1«tk« qaanlities of aluinina, magnesium carbonate, or other 
constiluenta, the lime from it slakes with djflicutty. and is known as fxier lime, lo di«- 
tinf^ish il ffora pare fat tst rich lime, which is readiljr converted into a powder of 
hydrmide with water. 

Calcium Hydroxide, Ca(OH), (slaked lime), is a white, porous 
powder which dissolves with difficulty in. cold water (1 part in 760 parts), 
but with still more difficulty in warm water ; the solution saturated in 
the cold (lime-water) becomes cloudy upon warming. It has a strong 
alkaline reaction. ^Milk of lime is slaked lime mixed with water.) In tlw 
air it attracts carbon dioxide and forms caVc\\im c::A.T\ionWe:. tiX x'Vfe 
heat it decompoaes into oxide and water. 
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Slaked lime is employed in the preparation of ordinary mortar, a mix- 
ture of calcium hydroxide, water and sand. The hardening of the mor- 
tar in the air depends mainly upon the fact that the calcium hydroxide 
combines with the carbon dioxide of the air to form the carbonate, and 
at the same time acts upon the silicic acid of the sand forming a calcium 
silicate, which, in time, imparts durability to the mortar. 

Hydraulic mortar, or cement, is produced by gently igniting a mixture 
of li mesto ne or chalk with alum inium sili cate (clay) and Quartz pottd cr. 
On stirring the powdered, burnt mass with water it soon hardens, and is 
then not affected by water. Some naturally occurring limestones, con- 
taming upwards of 20 per cent, of clay, yield hydraulic cements, without 
any admixtures after burning. Their composition varies, and also the 
process of their hardening ; the latter, however, depends principally upon 
the formation of calcium and aluminium silicates. 

Calcium Peroxide, CaO,, is precipitated as a hydrate in crystalline 
leaflets, if lime-water be added to a solution of hydrogen peroxide. It 
contains eight molecules of water, which it gradually loses in dry air. 

The halogen derivatives of calcium, like those of other metals, are 
prepared by the solution of the oxide or carbonate in the aqueous haloid 
acids. They are formed also by the direct union of calcium with the 
halogens; this occurs with evolution of flame. Technically, calcium 
chloride is often obtained as a by-product, e. g., in the preparation of 
ammonia (see Soda). 

Calcium Chloride, CaCl,, crystallizes from aqueous solution with six 
molecules of water, in large, transparent, six-sided prisms, which deli- 
quesce in the air. In vacuo it loses four molecules of water. When 
heated, it melts in its water of crystallization, loses water, but it is only 
after it has been exposed above 200° that it becomes anhydrous; then it 
is a white, porous mass. The dry salt melts at 806®, and solidifies on 
cooling to a crystalline mass, which attracts water energetically, and may 
be employed in the drying of gases and liquids. The dry calcium chlo- 
ride also absorbs ammonia, forming the compound CaCl, .8NH,. The 
crystallized hydrous salt dissolves in water with reduction of temperature ; 
by mixing with snow or ice the temperature is lowered to — 48°. Upon 
fusing the dry chloride in moist air it will partly decompose into the 
oxide and hydrogen chloride. 

Calcium bromide and iodide are very similar to the chloride. 

Calcium Fluoride, CaFl,, occurs in nature as fluortte, in large cubes 
or octahedra, or even in compact masses. It is often discolored by im- 
purities. It is found, in sparing quantities, in the ashes of plants, bones, 
and the enamel of the teeth. A soluble fluoride added to the solution of 
calcium chloride throws down insoluble calcium fluoride as a white vol- 
uminous precipitate. If, however, the calcium chloride solution be poured 
into a boiling dilute solution of potassium fluoride, the calcium fluoride 
is ohtawed \n little transparent ctystaX^. 

The fiuoride is perfectly \nso\v\b\e \tv yjaXei , ^tv^ \'5» ox^>3 ^tt^Q,mT;jcRfc^\>^ 
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Strong acids. It fuses easily at a red heal, serving, therefore, i 
the smelting of ores. When heated it phosphoresces. 



Calcium Hypochlorite, Ca(ClO),, is not known in a pure condi- 
tion. The so-called bleaching lime or chloride of lime, obtained by con- 
ducting chlorine, at ordinary temperatures, over staked lime, contains 
calcium hypochlorite as the active principle. 

According to analogy to the action of chlorine upon potassium or 
sodium hydroxide (p. 378), the reaction in the case of calcium hydroxide 
may be expressed by the following equation : 

2C«(OH), -f 3CI, = Ci(ClO), + C»CI, + aH,0. 

This would incline us to regard chloride of lime as a mixture of cal- 
cium hypochlorite, calcium chloride, and water. In accordance wilh 
the equation, the completely chlorinated chloride of lime must contain 
48.9 per cent, of chlorine, which is never the case, because a portion of 
the calcium hydroxide invariably remains unaltered. Calcium chloride 
does not exist free in bleaching lime, because it is not withdrawn from 
the latter by alcohol, and nearly all the chlorine of the bleaching lime 
can be expelled by carbon dioxide. It is therefore probable that the 
compound, Ca<Q(-., ^ CaCI.O (Odiing and Lunge), is present in bleach- 
ing lime; its formation, then, from calcium hydroxide would correspond 
to that of the chloride and hypochlorite from the caustic alkalies: 

N«OH + '-'»— N«oa + "'"' 
c{OH+cl, = C.{g^, -^H.0. 

Chloride of lime is a while, porous powder with an odor resembling 
that of chlorine. The aqueous solution has a strong alkaline reaction, 
and bleaches. It decomposes in the air as the carbon dioxide of the 
latter liberates hypochlorous acid. Even in closed vessels it gradually 
decomposes with the evolution of oxygen ; the decomposition is hastened 
by sunlight and heat, and may occur with explosion. Hence chloride 
of lime should be preserved in loosely closed vessels, in a cool, dark 
place. 

Dilute hydrochloric or sulphuric acid will expel chlorine from chloride 
of lime ; the quantity liberated is just twice that which the hypochlorite 
eventually found in it contains (p. 175) : 

c»a(on) -I- »Ha = aci, \- h,o h- ci,. 

By the action of sulphuric acid all the chlorine of the bleaching 
powder is liberated, whereby calcium chloride (irsi yields hydrochloric 
acid ; 

c.a(oa) -f- H^4 = cso^ -v h,o ^t c\- 
<^(^^^ <<%-^^ ^ c-*«^ «-*-/«* 
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The application of chloride of lime for the production of chlorine in 
chlorine bleaching and disinfection is based on this deportment. 

The quantity of chlorine set free by acids from the chloride of lime 
represents its quantity of so-called active chlorine ; good chloride of lime 

should contain at least 25 per cent. 

• 

When a small quantity of cobaltic oxide or a cobalt salt is added to the soltttion of 
bleaching lime, and heat applied, a regular stream of oxygen is disengaged ; this is an 
advantageous method of preparing oxygen. Other oxides, like those of mangBnese, 
copper, and iron, behave similarly. In this reaction there occurs, apparently, a cata- 
lytic action of the oxides. The reaction is explained, doubtless, in the same way as the 
action of hydrogen peroxide upon certain oxides (see pp. 88, 102). 

On warming bleaching lime with ammonia, the following decomposition occurs : 

3CaCl(0a) + 2NH, = aCaCl, -f 3H,0 -f N,. 
This reaction can be used for the preparation of nitrogen. 

Calcium Sulphate, CaSO^, is very abundant in nature. In an 
anhydrous condition it forms the mineral anhydrite^ crystallizing in forms 
of the rhombic system. (With two molecules of water it occurs as 
gypsum, in large monoclinic crystals or in granular, crystalline masses^ 
(alabaster, etc.). It also separates as a fine crystalline powder, CaSO^ + 
2H,0, when soluble calcium salts are precipitated with sulphuric acid. 
Calcium sulphate dissolves with difficulty in water; 1 part at average 
temperatures is soluble in 400 parts of water. When heated to no® 
gypsum loses all its water, and becomes ^//r/r/ gypsum ; when this is pul- 
verized and mixed with water, it forms a paste which hardens to a solid 
mass in a short time. The hardening is dei^endent upon the reunion of 
anhydrous calcium sulphate with two molecules of water. On this de- 
pends the use of burned gypsum for the production of casts, figures, 
etc. In case gypsum is heated above 160° (dead-burnt gypsum), it will 
no longer harden with water ; the naturally occurring anhydrite behaves 
in the same manner. 

Calcium Nitrate, Ca(NOj)j, is produced by thc^decay of the nitrog- 
enous organic substances in the presence of lime) therefore, it is fre- 
quently found as an efflorescence upon walls (in cattle stables). It 
crystallizes from water in monoclinic prisms, containing four molecules 
of water; the anhydrous salt deliquesces in the air and is easily soluble 
in alcohol. By the action of potassium carbonate or chloride, calcium 
nitrate can be transposed into potassium nitrate (p. 280). 

Calcium Phosphates. — The tertiary phosphate, Ca,(PO^\, is found 
in slight quantities in most of the mountain rocks. In combination with 
calcium chloride and fluoride, it crystallizes as apatite . As phosphorite, 
it forms compact masses, more or less intimately mixed with other con- 
stituents, and occurs in immense deposits in Spain, France, Germany, 
Russia and Florida. When these minerals disintegrate the calcium phos- 
phate passes into the soil and is absorbed by the plants. In the latter, 
it accumulates chiefly in the seeds and grains. In the animal kingdom, 
it is principally found in the bones, the ashes of which contain upwards 
of %2 per cent, of tricalcium p\\o?.pV\aXe. T^\\.\^x>j c.^\c\vxw\ v^^ss^Vv*?^^ 
is nearly insoJuble in water. IC d\sod\\iTc\ ^\vos^\v^X^ \i^ ^^^^^s. vck ^^^ 
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aqueous solutioD (tf a calcium salt, and then aramouium hydroxide, it 
will separate as a gelatiuoui precipitate, which, after drying, becomes a 
white amorphous powder. It is very readily soluble in acids, even acetic. 

The secondary calcium phosphate, CaHPO, -f aH,0, is sometimes(>^ ;^ift 
present in guano, in the form of small, shining prisms; it separates as * ^ 
an amorphous precipitate, if disodium phosphate be added to a solution ?l>^'' 
of calcium chloride mixed with some acetic acid. When ignited, it 
passes into pyrophosphate, Ca,P,0, (p. ii6). 

The primary phosphate, Ca(H,POJ,, is produced by the action of sul-t/^f ' 
phuric or hydrochloric acid upon the first two phosphates. It is readily 
soluble in water. It changes to metaphosphate when it is heated : 
C»(H,POj), = C«(PO,), + all,0. 

Calcium phosphate is present in all plants. Its preKnce in (he soil is, Ihcrefore, an 
iodispensable condilion foe its fettilily. When there i* ■ scarcity of pha>phoric acid it 
mint be added. To this cod, bone meal tod puiverixed phosphorile were formerty em- 
ployed. Since, however, the phosphoric acid is contained in these Kubaluices u Ui- 
caldum phosphate, which is not easily absorbed by the plants, the primary phosphate is 
extenuvel]' emplofed al prrsenl a« a [ertilizcr, or, belter, the mixture resulting froTii the 
action of sulphuric acid upon the tertiary salt, which also contains calcium sulphate. 
Superphosphate is the name applied lo the resulting nuu*. 

The Thomas slag, obtained in the dephosphoriialion of iron ores by the Gilchrist- 
Thomas process, cunuitutes a very valuable and important crude product from which to 
prcpoic calcium phosphate. It also contains a ciystalliied phosphate of the foroiula 
Ca,F,0^ which may be regarded as a derivative of the nonoal hydnte, P(.UH), : 

iP(OH),— H,0 = H,P,CV 

Calcium Carbonate, CaCO,, is very widely distributed in nature. 
It crystallizes in two crystallographic systems, hence is dimorphous. In 
rhombic crystals, with the specific gravity 3.0, it forms araponi te. In 
hexagonal rhombohedra, with the specific gravity a. 7, it occurs as calcite . 
I celand siw r, employed for optical purposes, is perfectly pure, transparent 
calcite. The common calciie, which constitutes immense mountain 
chains, is an amorphous or indistinctly crystalline stratum, and is usually 
mixed with other constituents, as clay. When the limestone is granular 
and crystal]it)e, it is termed marble. Dglanule also forms large layers, 
and is a compound or amorphous mixture of calcium and magnesium 
carbonates, with generally an excen of the former. Chalk is very pure 
amorphous calcium larbonatc, consisting of the shells of microscopic sea 
animals. Calcium carbonate is, further, a regular constituent of all plants 
and animals; the shelb of eggs, of mussels, even corals and pearls, consist 
chiefly of it. 

A soluble carbonate, added to the aqueous solution of a calcium salt, 
precipitates calcium carbonate as a white, amorphous powder, which soon 
becomes crystalline. In the cold, it assumes the form of calcite ; upon 
boiling the liquid, it generally changes into aragonite crystals. Ma gnesi te 
(MgCO,), sidfilite (FeCO,), sm ithsoni te (ZnCO,) and rhodochfoslte 
(MnCOJ are isomorphous with calcite, while witheriic (BaCOjl, stron- 
ti anite (SrCO,) and cerussite (PbCOjl are isomorphous with aragonite. 

Calcium carbonate is almost insoluble in pure water; hut dissolves 
sotnenbitt in water containing carbon d\oxide, as \\. nw>j Tj^t^^c&i.-^ \s 
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changed to the primary carbonate, Ca(HCO,),. One thousand parts of 
water at 15° and medium barometric pressure dissolve about 0.385 part 
of primary calcium carbonate [Z. f. anorg. Ch. 17 (1898) 170J. For 
this reason, we find calcium bicarbonate dissolved in all natural waters. 
When the solution stands exposed, or if it be heated, carbon dioxide 
escapes, and the secondary carbonate again separates out. The formation 
of lime scales, thermal tufts, stalactites, boiler scales and similar deposits 
are due to this. Calcium carbonate, like all carbonates, is decomposed 
by acids, with evolution of carbon dioxide. 

• 

At a red heat, it dissociates into calcium oxide and caibon dioxide. The diange 
begins at 600^. The tension of dissociation (p. 274) is 85 mm. at 860^, and at 1040^ 
510-520 mm. For this reason calcium carbonate is not decomposed when heated in a 
sealed tube. 

Calcium Silicate, CaSiO,, occurs as white, crystalline woUastonite. 
It is also a constituent of most natural silicates and of the artificial sili- 
cate fusion — glass. 

Glass. — ^The silicates of potassium and sodium are readily fusible and soluble in water. 
The silicates of calcium and the other alkaline earths are insoluble, Tery difficuldy fusible, 
and generally crystallize when they cool. If, however, the two silicates be fused together, 
an amorphous, transparent mass, of average fusibility, results ; it is only slightly attacked 
by water and acids-— it is glass. To prepare the latter, a mixture of sand, lime, and 
soda, or potash, is heated to fusion in a muffle furnace. Instead of the carbonates of 
potassium and sodium a mixture of the sulphates with charcoal can be employed ; the carbon 
reduces the sulphates to sulphides, which form silicates when fused with silicon dioxide. 

Glass, depending on its constituents, arranges itself into two classes : 

1. Lime glass (free from lead). 

2. Lead glass. 

1. The lime glass consists either of sodium-lime (soda glass) or potassium- lime (potash 
glass). 

Soda glass — a mixture of sodium and calcium silicates — fuses readily, and is employed 
for window-panes and ordinary glass vessels. Potash or Bohrmian glass^ also called 
crown glass, consists of calcium and potassium silicates, is not very fusible, is harder 
and withstands the action of water and acids better than soda glass; it is, therefore, 
employed in the manufacture of chemical glassware. 

The best lime glass, normal glass^ is a trisilicate corresponding to the formula 

K,0 (or Na,0) + CaO -f 6SiO,. 

2. Lead glass is constituted like lime glass, containing, however, lead oxide for 
calcium oxide. 

Glass crystal or flint glass is composed of potassium and lead silicates. It is not as 
hard, fuses with tolerable readiness, refracts light strongly, and when polished, acquires 
a clear luster. On this account it is employed for optical purposes (for lenses, prisms) 
and is used in ornamental glassware. Strass, a lead glass containing boron trioxide, is 
used to imitate precious stones. The opaque varieties of enamel consist of lead glass 
and in the fused glass are insoluble admixtures, as tin dioxide and calcium phosphate. 

Ordinary windiow or bottle glass is obtained by the fusion of rather impure materials ; 
in consequence of the presence of ferrous oxide it is ordinarily colored green. To remove 
this coloration, manganese peroxide, MnO.^, is added to the fusion. It oxidizes a por- 
tion of the ferrous to ferric oxide, the silicate of which is colored slightly yellow, while 
manganese forms a violet silicate. These colors, violet and green, almost neutralize each 
other as complementaries. The colored glasses contain silicates of colored metallic 
oxides: chromic and cupric oxides color green; cobaltic oxide, blue; cuprous oxide, a 
nibv-red, etc. 

The sulph ur compounds of cakium are very m\ic\v \\\Lt v\vq^ cA x\\^ ^!Nw^\<l%. ^^^xswsv 
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Sulphide, C^, ii moat readiljr obUined by heating (he sulphate with carbon, and is a 
whitish- jeltow mBis. It melts in the electric furnace and CTystallizes on cooling. When 
it is dissolved in water wc gel Calciutn Hydrosulphide, CaiSH), (in addition to cal- 
cium hydroxide], whlcb decomposes oo boiling the aqueous solution. When calcium 
oxide is ignited with sulphur in a closed crucible a yellowish -gray mass is obtained, which 
consists of calcium polysulphidn aod sulphate. Milk of lime tioiled with sulphur yields 
a deep yellow solution of calcium polysulphides atid calcium hypo5ul[dii(e. When these 
■olutions aie acted upon by acids, finely divided sulphur — niillt of sulphur — is precipi- 
tated and hydrogen sulphide set free. If the reverse occur, vii., the addition of a solu- 
tion of polysulphides to an excess of dilute acids, hydrogen persutphide will separate 
(p. no). 

Calcium Carbide, CaC,. Its iiopoilBnce in illumination has been dwelt upon on 
PP- 154, 155- f'- WQhier(lS63) first described it. He obtained it by heating intensely 
an alloy of line and calcium with carbon : 

ZnCa + C, = CaC, + Zn. 

W Borchers was the first person to prepare it in the electric furnace. In 1 89 1 he emphasized 
the fact, after years of experience, that all oxides could be reduced by carbon healed 
electncally. Wilson made carbide accidentally on b large scale in 1S92. Muissan fol- 
lowed shortly after. Both chemists obtained thecaibide in crystals. It maybe procured 
pure in shining gold-lilK, non- transparent crystals, if burnt marble is heated electrically 
with sugar carbon : 

CaO + 3C = CaC, + CO. 

Its specilic gravity is 3- 1. It resjsls most of (he strongly reacting substances, yet water 
and dilute adds decompose it energetically with liberation of acetylene (p. 154). At 
present it is made in many factories from unslaked lime and coal or coke (see the publi- 
cation of Liebeianz, p. 155). Strontium and barium carbides are simiUr to calcium 



2. STRONTIUM. 

Sr - 87.6. 

This element is rather rare in nature, and is principallyfound in slron - 
tianite (strontium carbonate) and celesiite (strontium sulphate). Its 
compounds are very similar to those ot calcitim. 

The metal is obtained by the electrolysis of fused strontitim chloride. 
It has a b rass- yellow cg lor. and a specific gravity of 2.5. It oxidizes in 
the air and burns with a bright light when heated. It decomposes water 
at the ordinary temperature. 

Of the compounds of strontium we may mention the following: 

Strontium Oxide, SrO, is most readily obtained by igniting the 
nitrate. It unites with water, with strong evolution of heat, forming 

Strontium Hydroxide, Sr(OH)„ which is more readily soluble in 
water than calcium hydroxide. It crystallizes from aqueous solution 
with eight or nine molecules of waier. When ignited it decomposes into 
strontium oxide and water, but with more difficulty than calcium hy- 
droxide. 

Strontium Chloride, SrCl, + 6H,0, crystallizes from water in hex- 
agonal tables, which deliquesce in the air ; it is easily soluble in alcohol. 

Strontium Sulphate, SrSO,, is much moredifficultlysoluble in uater 
than calcium sulphate, but is not as inso\u\i\c aa \«,V\'MCv ^-^^jVto-t ^i\^ 
liter dissolves 107 mg. at iS"]- 
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Strontium Nitrate, Sr(NO,)^ is obtained by dissolving the carbon- 
ate in nitric acid, and is readily soluble in water, but insoluble in alcohol. 
It crystallizes from warm solutions in anhydrous octahedra, but from cold, 
with four molecules of water, in monoclinic prisms. (Mixed with com- 
bustible substances it colors the flame a beautiful carmine-red, and for 
this reason is employed in pyrotechny.^ 

Strontium Carbonate, SrCO,, is precipitated from aqueous solutions 
of strontium salts by soluble carbonates, as an amorphous, insoluble pow- 
der. When ignited (iioo**) it breaks down into strontium oxide and 
carbon dioxide. This decomposition does not, however, occur as easily 
as with calcium carbonate. 



3. BARIUM. 

Ba = 137.4. 

Barium occurs in nature in large masses, as he avv soar (or barium sul- 
phate), and as w itherit e (barium carbonate). All its compounds are dis- 
tinguished by their high specific gravity, hence the name barium, from 
fiaph^, heavy. In accordance with its general character, barium is a 
stronger basic metal than either strontium or calcium (p. 299). 

The barium salts are either prepared from the natural witheritcT, by dis- 
solving it in acids, or from heavy spar. The technical procedure con- 
sists in heating barium sulphate with carbon and calcium chloride when 
barium chloride and potassium sulphide (in addition to carbon monoxide) 

are formed : 

BaSO^ -f 4C -f CaCl, = BaCl, -f CaS -f 4CO. 

Metallic barium, like strontium and calcium, was first obtained (Hum- 
phry Davy, 1808) by electrolysis. Bunsen used the fused chloride for this 
purpose. The following method is more convenient : Sodium amalgam 
is added to a hot saturated barium chloride solution ; the sodium dis- 
places the barium, which forms an amalgam with the mercury. The 
resulting liquid barium amalgam is kneaded with water, to remove all the 
sodium, and then heated in a stream of hydrogen, to volatilize the 
mercury. 

Barium is a bri ght yellow me tal, of specific gravity 3.6. It fuses at a 
red heat, but vaporizes with dilficulty. It is rapidly oxidized in the air; 
like sodium(it decomposes water very energetically, even at the ordinary 
temperature^^ 

Barium Dxide, BaO, is obtained by the iprnitjpn 9f Ij^^rium nitrate. 
It is a gray, amorphous mass, of specific gravity 5.5, and is fusible in the 
ox> hydrogen flame. With water it yields the hydroxide, with evolution 
of much heat. 

Barium Hydroxide, Ba(0H)2, is precipated from concentrated 
solutions of barium salts by potassium or sodium hydroxide, not, however, 
by dmmonium hydroxide. It is obtained on a large scale by igniting 
heavy spar with carbon, when barium sulphide is formed, and its aqueous 
solution desulphurized with zinc ox\de *. 

BaS + ZnO -\- U^O = Xw"?. ^t ^<^'^'^^1^ 




also npoD heating barium caibonaie together with carbon in a current 
of steam : 

B«CO, + C + H,0 = B«(OH), + aCO. 

At the ordinary temperature it dissolves in to parts of water; upon 
boiling, in 3 parts. From aqueous solution it crystallizes with eight mole- 
cules of water in four-sided prisms or leaflets. The solution — called 
baryta water — is strongly alkaline and is very similar to the alkalies. 
When exposed to the air it absorbs carbon dioxide and becomes turbid, 
with separation of barium carbonate. At a red heat it fuses, like the 
caustic alkalies, without decomposition, and on cooling solidifies to a 
crystalline mass. 

Barium Peroxide, BaO,, is produced when barium oxide (ignited 
barium nitrate) is heated in a current of dry air (free from carbonic acid) 
or oxygen ; it always contains barium oxide. To purify it, the commercial 
peroxide is rubbed together with water and added to cold, very dilute 
hydrochloric acid, until the latter is almost saturated. An excess of 
iMiryta water is added to the solution, containing barium chloride and 
hydrogen peroxide, when hydrated barium peroxiiU, BaO, + 8H,0, sepa- 
rates in shining scales, which, upon warming, readily lose water and 
break down into a white powder consisting of barium peroxide. The 
latter is a compact gray mass when obtained directly from the oxide. 

The peroxide dissolves in dilute acids, with production of hydrogen 
p>eroxide. (Concentrated sulphuric acid sets free oionized oxygen from 
it.) When strongly ignited (at about 700°) it decomposes into barium 
oxide and oxygen. See p. 81 for its use in the technical production of 
oxygen. It is also employed for bleaching purposes and for the prepara- 
tion of hydrogen peroxide; see pp. 99, too. 

Barium Chloride, BaCl,, crystallizes from aqueous solution, with 
two molecules of water, in large, rhombic tables, which are stable in the 
air. It dissolves readily in water, and is poisonous, like all soluble 
barium salts. 

Barium Nitrate, Ba(NO,'),, crystallizes in anhydrous, shining octa- 
hedra, of the regular system, soluble in 13 parts of cold and 3 parts of 
hot water. Technically it is made by mixing concentrated solutions of 
barium chloride with sodium nitrate, when barium nitrate is precipitated. 
It is employed as a green fire in pyrotechny. 

Barium Sulphate, BaSO,, is found in nature as heavy spar, in 
rhombic prisms, with a specific gravity of 4.6. It is obtained artificially 
by the precipitation of barium salts with sulphuric acid, in the form of a 
white, amorphous powder, almost insoluble in water and acids. Under 
the name of permanetU -white, it is used as a paint, at a substitute for poi- 
sonous white lead, from which it is also distinguished by its unaltera- 
bility. 

Barium Pcraulphate, B>S,0, (pp. iSS, 19S), obUined by nibbing ih« ammonium 
salt togelber with tMrinm hjrdroiide, ciysulliies from its solution \in imi-up) in prisms, 
conluning: four motecnlM of water of ciystalliialion. It soon decomposes, yielding 
buium tuiphsts, lalpfaark acid, ind oxygen : 
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Barium Carbonate, BaCO,, as witherite^ occurs in shining, rhombic 
crystals, and is precipitated from barium solutions by soluble carbonates, 
as a white, amorphous powder. It fuses at a white heat, and loses carbon 
dioxide at 1 400-1 500**. 

Barium Sulphide, BaS, is obtained by igniting the sulphate with 
carbon. It dissolves in water, with decomposition into hydroxide and 
hydrosulphide. 



RECOGNITION OP THE COMPOUNDS OP THE ALKALINE 

EARTHS. 

The carbonates and phosphates of this group are insoluble in water; 
hence are precipitated from the aqueous solutions of their salts upon the 
addition of soluble carbonates and phosphates (of the alkalies). The 
sulphates are also sparingly soluble in acids; for this reason they are 
thrown down from acid solutions by soluble sulphates or free sulphuric 
acid ; the precipitation is complete, even with calcium, if alcohol be 
added to the solution. The hydroxides of the alkaline earths, which are 
more or less soluble in water, are only precipitated by sodium or potas- 
sium hydroxide from concentrated solutions. In solutions of barium 
salts hydrofluosilicic acid produces a crystalline precipitate of barium 
silicofluoride, BaSiFl^, and potassium chromate one of barium chromate, 
BaCrO,. 

Kohlrausch and Rose determined, by means of the electric conductiTity of solutioos, 
the solubility of many of the salts which have been mentioned — the so-called insoluble 
salts. They found that a liter of water at 15° dissolved o. I mg.' of silver iodide ; 0.4 mg. 
of silver bromide ; 0.5 mg. of mercuric iodide ; 1.7 mg. of silver chloride ; 3. 1 mg. of mer- 
curous chloride ; 2.6 mg. of barium sulphate ; 107 mg. of strontium sulphate; 2070 mg. 
of calcium sulphate ; 13 mg. of calcium carbonate ;- 24 mg. of barium carbonate ; 3.8 mg. 
of barium chromate ; o. 2 mg. of lead chromate ; 9 mg. of magnesium hydroxide. See 
Z. f. anorg. Ch. 5 (1894), 237. 

The flame colorations produced by the volatile compounds are very 
characteristic; calcium salts impart a reddish-yellow color; strontium, 
an intense crimson ; barium, a yellowish-green. The spectrum of calcium 
exhibits several yellow and orange lines, and in addition, a green and 
a violet line (see the Spectrum Table); that of strontium contains, 
besides several red lines, an orange and a blue, which are less distinct 
but very characteristic. Finally, the barium spectrum consists of several 
orange, yellow, and green lines, of which a bright green is particularly 
prominent. 



DIAMMONIUM COMPOUNDS. 

The same relation which ammonia sustains to the univalent alkali metals (p. 296), 
hydrazine or diamidfy N^II^ (pp. 1 25, 131), discovered by Curtius, bears to the bivalent 
alkaline earth metals. Diamide, however, does not always act as a di-acid base, which 
might be inferred from what has been said, for in its most stable derivatives it is as mon- 
acid as ammonia. It may be assumed that the di-acid compounds contain the bivalent 

II 
radical diammonium^ NjH^. the counleTpail ol O^ve T«L^\csi\ wxvTaaxaxax!^, ^xA. ^"ftX"^^ 
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icicordiDgly urange tbenueliei with the ulti of baiiuin, slranlium &nd cslcium. The 
stmilaiity of diammonium to the alk&line eirth melsls ii shown also in the diflicull solu- 
bility of the sulphate and by its inability to form alums. 

Again, diamide DUDifesti properties allying it with (he alkali mctali. Its hydrate, 
N,H, . H,0 = N,H,OH, generally behaves like a mon acid base. Its chloride, N,H,C1„ 
bleaks down below 100° into hydrochloric acid and the chloride N^^Cl, which does not 
yield any more hydrochloric acid anlesa destroyed by heating. The hydrate N,H, . - 
3H,0 ^ N,H,(OH), is only stable in aqueous solution and upon eTipontion changes to 
N,II, . H,0 = N,H,OH, boiling without decoroposi lion. It forms but one nitrate of the 
com^sition N,H,. H>'0„ but one suiphocyonide N,H^. HCNS, and but one diam- 
monium mtride, N,H, . N,H. 

Il would therefore appear that both the bivalent radical N,H,and the univalent radical 
N.H, are present in the compounds of diamide, and further tbal those containing the 
radical N,H^ are th« moK Mablc deri<rstii«s. 

Unstable Diammoiiiuin Compounds. 
N,H.{gi; N,H.{g N,H.{! 

Dibydiale. IHcbloride. Di-lodlde. Sulphate. 

Stable Diaminooiiun Compound*. 
N,H,OH N,H.a N,H,I (N,Hjt,SOj 

MoDo-hydiale. Mono-chloride. Moao-lodlde. SBol-aulpliale. 

N,H.NO,. 
Nllistc. 
The hjrdraiine salts genetmlly crystallize well. Their great reducing power is one 
of their characteristics. They precipitate metallic silver from amnwniacal sllirer solutions ; 
cuprous oxide and metallic copper from alkaline copper solutions (Fehling's solution!, and 
gold from acid solutions of gold chloride (distinction from hydroxylamine). llie hydra- 
zine salts are very poisonous. With core nitrous add will liberate hydraioic acid from 

N,H, + HNO, — N.H + iH,0, 

otherwise nitrogen. The addition of copper sulphate to the solutions of hydrazine salts 
causes the separation of a sparingly soluble double salt CuSO, . (N,H|)|50, ; this can be 
used to separate hydrazine from its Solutions and from mixtures. Tlie corresponding 
double salts, with the salts of nickel, cobalt, iron, manganese, cadmium and zinc, are also 
soluble with difficulty and are anhydrous. For the detection by means of benzaldehyde 
(benzilazine, m. p. 93°) see Organic Chemistry. Consult Curtius and Schrader, Jr. 
prakt. Ch. 50(1894), 311. 

II 
Dimmmonium Sulphmte, N,H,.H,SOj = (N,H,)SOj, can be made by treating 
solutions of all the other hydrazine salts with sulphuric acid. Il consist of vitreous plates, 
which are soluble in about 33 parts of water at 20°. They deflagrate when quickly healed. 

Dianamoniuni Chloride, N.H^ . allCI ^= ( N,H,)C1„ obtained by transposing the 
sulphate with barium chloride, forms lai^, vitreous octabedrs. It is very soluble in 
water. It melts with decomposition at about 200°. At too° it passes gradually into 
monohydrate. 



, N,H( . H,0 = (N,H,10H, c 



sulphate with caustic potash. It is a strongly refract- 
■' sir and boils at 118.5° under 739.5 mm. 

Eressure. It has a faint odor, not reminding one of ammonia, has a caustic taste, is 
ygroscofMC and attracts carbon dioxide from the air. Below — 40° it solidifies to a 
leafy crystalline mass. Its specific grsvity equals 1. 03 at 21°. Il sinks in water snd 
only miici wilb it after Some time. It can be preserved in a pure condition and In con- 
centrated solution. Dilute aqueous solutions decnnnpose comptetety in the course of 
time. Its solution and its vapors color red litmus lilue. Il breaks down 1 from its vapor 
densilj) at ijt" and 760 mm. pressure inio hydrazine and water, but on the other hand 
it TMporiza id a vaciiun) at loo" without decompmitioi^ \v^a& ^ ^«c&'^ \«&acai% 
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At present magnesium is obtained in large quantities by the electrol- 
ysis of fused carnallite [see Dammer, Chemische Technologies Bd. ii, 

(1895)]. 

Magnesium is a brilliant, almost silver-white metal, of specific gravity 

1.74. it is tenacious and ductile, and when heated may be converted 

into wire and rolled out into thin ribbons. It melts at about 700^, and 

distils at a bright-red heat. At ordinary temperature,- it scarcely oxidizes 

in the air; it burns, when heated, with an extremely intense white light, 

owing to the glowing non-volatile magnesium oxide. Magnesium light 

is rich in chemically active rays, and, for this reason, it is employed in 

photography for artificial illumination. Its alloy with zinc is generally 

employed as a substitute for pure magnesium, as it bums with an 

equally bright light. Its intense light has led to its use in p3rrotechny. 

foiling water is very slowly decomposed by magnesium^ It dissolves 

easily in dilute acids, forming salts; the alkalies do not attack it. Many 

metallic oxides and acids when heated with magnesium powder lose their 

oxygen and are reduced by it (see p. 237). 

Magnesium Oxide, MgO, or magnesia^ formed by the combustion 
of magnesium, is ordinarily obtained by the ignition of the hydroxide or 
the carbonate {Magnesia us/a). It is a white, very voluminous, amor- 
phous powder, which finds application in medicine. The feebly ignited 
magnesia combines with water, with slight generation of heat, to produce 
magnesium hydroxide. 

In Stassfurt the magnesium chloride liquors, produced in the prepara- 
tion of potassium chloride, are utilized in producing a very good mag- 
nesia, which is used in the manufacture of fire-brick or fire-clay (p. 276). 

At high temperatures magnesia conducts electricity and it can be made to glow and 
become luminous by the current. If, therefore, little thin cylinders of magnesia are 
heated until they reach the point of conductivity they will answer for the productioo of 
the electric light (Nernst). 

Magnesium Hydroxide, Mg(OH)„ is precipitated from solutions 
of magnesium salts by potassium or sodium hydroxide as a gelatinous 
mass. Dried at 100^ it is a white amorphous powder. It is almost in- 
soluble in water and alkalies; moist red litmus-paper is, however, colored 
blue. Ammonium salts dissolve it quite easily, forming soluble double 
salts. Magnesium hydrcJxide attracts carbon dioxide from the air and 
forms magnesium carbonate. It yields the oxide and water when gently 
ignited. 

Magnesium Chloride, MgCl,, is present in traces in many mineral 
springs. It may be prepared by the solution of the carbonate or oxide 
in hydrochloric acid ; in large quantities it is obtained as a by-product 
in the technical production of potassium chloride. (When its solution 
is evaporated the salt crystallizes out with six molecules of water in deli- 
quescent crystals, isomorphous with calcium chloride) When these are 
heated they give up water, and there occurs at the same time a partial 
decomposition of the chloride into oxide and hydrogen chloride : 
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As nugnoluni chloride is produced in large quanlilies in varioiu tcclinical protcuics, 
lepeated efforts have been nude lo utilize the above reaction fur the preparation of hydru- 
cbloric add, by conducting steam ovei heated magnesium chloride. 

Lalelr the liquors hive been evaporated and the magnesium chloride dehydrated, 
wherebjr it bieaka dovD in part into hydrochloric acid and magnesium oxide. When the 
fcsidual inaenraiuo) oiychloride is heated in an air current, magnesia and chlorine are 
produced (Weldon.Pechinej' ; lee p. 50). 

To get anhydrous magnesium chloride, ammonium chloride is added to 1 
the solution of the former. The double salt, MgCI,.NH,CI + ^^,0,1^^ 
is formed. When this is heated it first loses water, and at 460° throws / *'**1 
off ammonium chloride, leaving anhydrous magnesium chloride. Thel 
latter can also be obtained by heating the hydrated salt in a current of/ 
hydrochloric acid. This is a leafy, crystalline mass, which fuses at 708°, 
and distils undecomposed at a red heat ; it is very deliquescent in the air. 

Double salts, similar to the above, are also formed from potassium and 
calcium chloride. The potassium double salt, MgCl,.KCl + 6H,0, 
occurs in considerable deposits as carnallite at Stassfurt (|>. 176). 

Magnesium Sulphate, MgSO,, is found in sea-water and in many 
mineral springs. With more or less water it is kieserite . which abounds 
extensively at Stassfurt. At ordinary tem[)eraiures it crystallizes with 
seven molecules of water, MgSOj-f- 7H,0, in four-sided rhombic prisms, 
readilysolublein water(at 0° in 2 parts of water). It has a bitter, sail-like 
taste, and serves as an aperient. It crystallizes with six molecules of water 
from solutions heated to 70°; at o", however, it has twelve molecules. 
When heated to 150° these hydrates lose all their water of crystallisation, 
excepting ene moUcult, which esca[>es above aoo". (jDne molecule of 
water, in magnesium sulphate, is, therefore, more closely combined than 
the rest.^ Many other salts containing water deport themselves similarly. 
The more intimately combined water is termed waltr of (onuitution. 

Magnesium sulphate forms double salts with potassium and ammonium 

sulphates, which crystallize with six molecules of water in monociinic 

prisms, e. g. : "^^"it. t'^^^o 

MgSO,. K,SO, + 6H,0. i-Jfl, y^7*io 

The snlphates of line and severa] other metals, c. g., iron, cobalt, and nickel, in their 
bivalent forms, are ^ery similar to magnesium sulphate. Their sulphates ciyjlnlliie with 
seven molecules of water, and are Isonioiphous. They form douMe jults ww potassium 
■nd ammonium sulphates ; these crystelliie vilh six molecules of water, and are iso- 
morpbous, i. g. : »t^t.„ // ..J",, * t ^ 

ZnSO, + 7H,0 ZnSO,. K.SO, + 6H,0. ^ ">■ ' * " J 

FeSO, + 7H,0 FeSO-.K.SO, + 611,0. Z^"* ' * *" 

The constitution of these double salts may be viewed in the same way as that of poto-i- 
Bum-sodium sulphate, or of miied salts of polybasic acids. Vi'e may suppose that in the 
given instance the bivalent metal unites two molecules of sulphuric acid : 

so.C!, 

/Mg+6H,0. 

Magnesiatn Pfaosphates, — ^The terliary ^\vos.^"c\Wft W^4?'-^^v 
accompanies the tertiary calcium phosphale m Maa\\ <\viMA;\M\t^ \w^i^^te. 



31 6 INORGANIC CHEMISTRY. 

and in plant ashes. The secondary phosphate, MgHPO^ -|- 7H,0, is 
precipitated from the soluble magnesium salts, by disodium phosphate 
(Na,HPOJ as a salt dissolving with difficulty in water. In the pres- 
ence of ammonia and ammonium salts, tnagnesium-ammonium phosphate^ 
MgNH^PO^ -f 6H,Q, is precipitated as a crystalline powder insoluble io 
water. This double salt is found in guano, forms in the decay of urine, 
and is sometimes the cause of the formation of calculi. The primary 
salt, MgH^(POj„ has not been obtained. 

The magnesium salts of arsenic acid, HjAsO^, are very similar to those 
of phosphoric acid. Magnesium-ammonium arseniate, MgNH^AsO^ -|~ 
6H,0, is likewise almost insoluble in water. 

Magnesium Carbonate, MgCO,, occurs in nature as magnesitc^ 
crystallized in rhombohedra (isomorphous with calcite), or more often 
in compact masses. Combined with calcium carbonate, it forms dolo- 
mite, to which, when pure, is ascribed the formula, CaCOg.MgCO,; 
however, it usuadly contains an excess of calcium carbonate. On adding 
sodium or potassium carbonate to the aqueous solution of a magnesiom 
salt, some carbon dioxide escapes, and a white precipitate forms, which 
consists of a mixture of magnesium carbonate and hydroxide. If the 
precipitate be dried at low temperature, we obtain a white, voluminous 
powder, whose composition generally corresponds to the formula 
Mg(0H),.3MgC0, + 4H,0. This salt is employed under the name 
Magnesia alba in medicine. If it be sus[>ended in water, and carbon 
dioxide passed through it, the salt will dissolve, and upon standing 
exposed to the air, crystals of neutral carbonate ^ MgCOj^- 3^,0, sepa- 
rate. When these are boiled with water they give up carbon dioxide 
and are again converted into the basic carbonate. The naturally occur- 
ring magnesite sustains no change when boiled with water, and it is 
only when it is heated above 300^ that it decomposes into magnesium 
oxide and carbon dioxide. 

Freshly prepared magnesium carbonate dissolves in acid alkaline car- 
bonates and crystallizes from them as 4MgCO, + I5H,0. 

Magnesium carbonate yields isomorphous double salts, with potassium 
carbonate and ammonium carbonate ; e. g,^ MgCOj.K,COj + 4H,0. 

Of the silicates of magnesium, we may mention olivine (Mg^SiO^), 
s erpent ine (Mg,Si,0^ -f 2H,0), talc (MggSi^Oj, + H,0), sepiolite or 
m eerschau m (Mg^SijOg -+- 2H2O). The mixed silicates of magnesium 
and calcium are very numerous ; to these belong asbestos, the augites and 
horn-blendes. 



Magnesium Nitride, Mg,N, (pp. Ii6, 124, 126), is a light, porous, yellow-colored 
mass. Briegleb and Geuther found that it was produced when magnesium was heated 
in a current of ammonia : 

Mg, + 2NH, = Mg,N, + 3H,. 

It is also obtained pure when magnesium is heated in nitrogen. When introduced into 
water, the latter is made to boil and large volumes of ammonia escape [see Pasch- 
kowezky, Jr. prakt. Ch. 47 (1893), ^9]' 
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Recognition of Magnesium Compounds. — The fixed alkaline hy- 
droxides precipitate magnesium hydroxide from soluble magnesium sails ; 
the carbonates throw down basic magnesium carbonate. (The precipitates 
are insoluble in pure water and the alkalies, but dissolve readily in solu- 
tions of ammonium salts|^ Id the presence of the latter, neither the alka- 
line hydroxides nor carbonates cause precipitation. In the presence of I 
ammonia and ammonium chloride, disodium phosphate precipitates mag-1 
nesium-ammonium phosphate, MgNH,PO, -|- 6H,0, insoluble in water. / 



2. BERYLLIUM. 

B« - 9.1. 
AiDoog the meta]i of the i«coad gtoop betyltiu™ occnpie* ■. poMtioo tiniUT lo that of 
lithioDi ia the Rrsi group (pp. 272, 199) ; jd both elements, which have the lowest atomic 
weight in their group, the specific group chuactei ii cousidenbly dimiTiished, 01 does not 
Bod eipression. As lithium attaches itself in many respects (o magnesium, so does beryl- 
lium approach aluminium. Like the latter, it i) scarcely at all attacked by nitiic acid, but 
dissoNes easily in sodium 01 potassium hydroaide, with elimiruition of hydn^en. Like 
alaminium oiide, that oC beiyllium dissolves in the alkalies, and is almost invariably 
accompanied by the former in its natural compounds. HowCTer, beryllium, in most of 
iti compoimds, stands nearer lo magnesium than to aluminium. The determinalion of 
the vapor density of beryllium chloride (see below) and of ceitaia organic derivatives has 
Boally establish^ the atomic weight and ibe valence of ibii elemeoL 



Beryllium is not very abundant ii 
nlicale of alumiiuum and beryllium, Al,Be,(SiO,),. Emerald has the same composi- 
tion, and is only colored green by a slight amount of chromium oxide. 

It was in these minerals that Vauquelin diiscovered beryllium in 1797. It is also present 
in leucophane (a silicate), together with aluminium, ftuorine and sodium ; and in gado- 
linile (a silicate) with ferrous oxide, yttrium, cerium, lanthanum, and other rare earths. 

Metallic beryllium isoblained by tbe ignition of the chloride, or better, potassium beryl, 
lium chloride lor potassium beryllium fluoride, BcF1,.z)CKl), with sodium, and by the 
electrolysis of BeFI,,KFl. It i> a white, ductile inelal, of speciHc gravity 1.8. lis specific 
heal al Ibe ordinary temperature equals 0.40S ; the alomic heat is, therefore, 3.7 
(p. 354). It does not decompose water, even upon boiling' It does not oxidize in Ibe 
air at ordituiry temperatures. When finely divided and heated it will bum in ihe air 
with a very bright light It is readily dissolved by dilute hydrochloric and sulphuric 
acids ; also by potassium and sodium hydioiidei. 

Beryllium Chloride, BeQ„ is obtained, like aluminium chloride, by the ignition of 
a mixture of beryllium oiide and carbon in a stream of chlorine. It sublimes in shin, 
ing needles, which deliquesce in the air. Its vapor density corresponds to the mulectJar 
formula BeCl, = 79.9 (Nilson). Pure beryllium chloride dissolves in water, forming a 
colorless solution, from which it ciyslallizes with four molecules of water ; upon drying it 
suffers a decomposilion similar to that of magnesium chloride. 

The salts of beryllium have a sweet taste, hence it has been called gludnum. 
Ammonium hydroxide precipitates a white, gelatinous ieryUuim hydroiidt, 8e(OII),, 
from solutions of the soluble salts. This ^ssolves readily in sodium and potassium 
hydroxide, and in a mixture of ammonia and ammonium carbonate, but on boiling, scpa- 
rates again from solution. When heated, Ihe hydroxide breaks down into wiler and 
ierylHnm axidt, BeO, which is a white, amorphous powder, of specific gravity 1.96. 

BerylUum Sulphate, BeSO,, cryttalliies from water a\ vaiwKi* (EmvwAww.-K-So. 
1 — I ,- !. .._ - omoYjcuUs.aVlQV'"*^^"'^''"!^^™"*"' 
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250-260°. It does not crystallize with magnesium sulphate in an isomoqihoiis mtztnre. 
The double salt, BeSO^. K,SC\ -f- 2H,0, does not dissolve readily in water. Coopaie 
Kriiss and Moraht, Ber. 23 (1890;. 727, and Ann. Chem. 262 (1891), j8. 



3. ZINC. 

Zn =- ^4. 

The natural compounds of the heavy metals have generally a high spe- 
cific gravity, frequently possess metallic luster, usually occur in the older 
crystalline rocks in veins, and are termed ores. The most important zinc 
ores are the carbonate, ZnCO,, the silicate, and sphalerite or blende, ZnS. 
The principal sources of these ores are in Silesia, England, Belgium, 
Poland, the United States, France, and Spain. To get the metal the 
carbonate or sulphide is converted into oxide by roasting it in the air; the 
product is then mixed with carbon and ignited in cylindrical clay tubes. 
In this manner the oxide is reduced : 

ZnO + C = Zn + CO, 

and the liberated zinc distilled off. The receivers contain the fused, 
compact zinc and a gray, pulverulent mass, called zinc-dust ^ which con- 
sists of a mixture of zinc oxide with finely divided metal. This material 
is used in laboratories as a strong reducing agent. See Mylius and Fromm 
on the purification of zinc, Z. {. anorg. Ch. 9 (1895), 144. 

Metallic zinc has a bluish-white color , and exhibits rough, crystalline 
fracture; its specific gravity equals 7-7.1. At ordinary temperatures it 
is brittl e and can be pulverized ; at 100-150° it is malleable a nd can be 
rolled into thin leaves and drawn out into wire. At 200° it becomes 
brittle again and may be easily broken. It melts at 420^ and distils 
at about 950°. 

It becomes coated with a thin layer of basic carbonate in moist air . 
Heated in the air it burns to zinc oxide with a very intense, blu ish-white 
l ight . Compact zinc will only decompose water at a red heat ; zinc-dtist. 
however, acts at ordinary temperatures^ Perfectly pure zinc is only 
slowly attacked by dilute acids at the ordinary temperature ; it dissolves 
by boiling with potassium or sodium hydroxide, as well as ammonia, 
with liberation of hydrogen : 

Zn + 2NaOH = Zn(ONa), + H,. 

Owing; to its slight alteration in the air zinc meets with extensive appli- 
cation as sheet-zii^ for coating statues and in architectural adornment, 
and in galvanizing sheet-iron . It also forms an important constituent 
of many valuable alloys, such as brass and argentan (see these). 

Zinc Hydroxide, Zn(OH),, is precipitated as a white, amorphous 
powder, from aqueous solutions of zinc salts, by alkalies, and is soluble in 
excess of the reagent. When heated it decomposes into water and zinc 
oxide. 

Zinc Oxide, ZnO, is usually prepared by igniting the precipitated 
has\c carbonate, and, as zinc luhiie. \^ emyXo^^e^ y>^^\.'aX^^ ^\v\\fc ^^xxyv. 
The oxide obtained by burning lV\e ivAtVaV \s a vj\v\X^, no\>xkC\\^ws& A^*^- 
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lent mass, called Fhres unci, or Lana philosophica. When zinc oxid e is 
heated it acquires a yellow color, which d isappears on cooling. 

Zinc oxide occurs m nature as imcite, colored by impuriLies. 

Zinc Chloride, ZnCl, {Zincum chlora(itm), anhydrous, is obtained by 
heating linc in a stream of chlorine, by the evaporation of ihe solution 
* of zinc in hydrochloric acid, and by the distillation of zinc sulphate with 
calcium chloride. It forms a white, deliquescent n \a^ which fuses when 
heateil and distils at about 730^! Molteti zinc chloride is a transparent, 
very mobile, strongly refracting liquid, attracting moisture more readily 
than phosphoric anhydride [Lorenz, Z. f. anorg. Ch. 10 (1895), 82]. It 
crysEallizes from concentrated hydrochloric acid solulion with one mole- 
cule of water in deliquescent octahedra. When the aqueous solulion of 
zinc chloride is evaporated it partly decomposes (like magnesium chlo- 
ride) into zinc oxide and hydrochloric acid. (When the concentrated 
zinc chloride is mixed with zinc oxide, a plastic mass is obtained, which 
hardens rapidly; a mixture of magnesium chloride and oxide does the 
same. In both instances the hardening depends upon the formation of 

basic oxychlorides, /. g., Zn<Qu^ Zinc chloride forms deliquescent 
iloublfi^salU. with the alkaline chlorides, e. g., ZnCl,. zKCI. With 
ammonia it yields various compounds, of which ZnCl,. NH, is characler- 
ized by great stability. 

Zinc Sulphate, ZnSO,, is obtained by dissolving zinc in sulphuric 
acid. It is prepared upon a large scale by carefully roasting zinc- 
blende (ZnS); the zinc sulphate is extracted by water. It crystallizes 
at ordinary temperatures from aqueous solutions with s even molecules of 
«atGL(zinc or white vitriol, Zincum tulfhun'cum) in r hombic crystals, re - 
aemblin^ those of magnesium sulphate . It affords double salts with the 
alkaline sulphates; these contain six molecules of water (p. 315). 

Zinc Carbonate, ZnCO,, occurs native as smithsonile in hexagonal 
Qrystals, isomorphous with those of calcile. Sodium cartxinate precipi- 
tates a mixture of ZnCO,.H,0, which rapidly becomes crystalline, and 
the basic carbonate 2ZnCO,.3ZnCOH),.H,0. 

Zinc Sulphide, ZnS, is zinc-blende or sphalerite, usually colored 
brown by ferric oxide or other admixtures. Ammonium sulphide precipi- 
tates it as a white compound from zinc solutions. Although fused zinc 
reacts with difficulty with s ulphur, zinc-dust combines with the latter in 
powdered form quite readily,and if the mfxture lie heated or struck with 
a hammer the union is a ccompanied byyan explosion . Zinc sulphide is 
insoluble in water, but is readily dissolved by dilute acids, excepting acetic %^'^ 
acid; therefore it may be precipitated by hydrogen sulphide from zinc 
acetate solutions. This reaction serves to separate zinc from other meiats. 
The sulphide is also applied as a white pigment; especially a mixture of 
it with barium sulphate (lilhopone — made from zinc sulphate and barium 
sulphide). 

Zinc Silicate, Zn,SiO,-f H,0, occurs in rhombic crystals as calamine. 
In the analytical way zinc is characterized by the fact that its hydroxide 
d'rssolres both in caustic soda and pota-iU as wtU » to Mwim^ixxa.-, Vv-^4.^t*- 
^n Sulphide precipitates white zinc su\p\i\de ftonv vVesR ^wViMN-awi. 
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4. CADMIUM. 

Cd » 112. 

Cadmium very often accompanies zinc in its ores. As much as 5 per 
cent, of this metal is present in the Silesian zinc ores; it was first dis- 
covered in them in 181 7 by Hermann ; shortly after Stromeyer recognized 
it as a new element. (Being more volatile than zinc, in obtaining the 
latter it distils off first, and may be easily separated from the first por- 
tions of the distillate.") It is a white, t enaci ous, and ra ther soft met al, of 
specific gravity 8.6. It fuses at 320° and boils at 770®. It does not alter 
much in the air. Heated, it burns with the separation of a brown smoke 
of cadmium oxide. It dissolves with difficulty in dilute hydrochloric and 
sulphuric acids, but readily in nitric acid. Zinc throws out the metal 
from solutions of the soluble cadmium salts. 

St Claire Deville found the specific grmvity of cadmiam ▼apors at 1040° and H. 
Biltz at about 1700^ to approximate closely 112 (O, = 32). Thezefore, the molecular 
weight of cadmium is 112. Since the atomic weight of cadmium (determined from its 
specific heat) is also 1 12, it follows that the gas molecule of cadmium consists of but fine 
atom. We know that the molecules of other elements in the gaseous state are composed 
of two or more atoms (O,, N,, P4). Cadmium, therefore, forms an exception to this rule. 
This is also true of mercury, zinc and perhaps, too, of other bivalent metab. These 
relations remind us of the behavior of the hydrocarbon residues (radicals) ; while the 
bivalent or quadrivalent groups, ^. jf., ethylene, C^H^, and acetylene, C,H,, exist in free 
condition, the univalent groups (as CH, and CN) cannot appear free, but double them- 
selves when separated from their compounds. 

Cadmium Hydroxide, Cd(OH)„ is precipitated as a white powder, 
from the soluble cadmium salts, by the alkalies; it is insoluble in sodium 
and potassium hydroxides, but dissolves readily in ammonium hydroxide. 

Cadmium Oxide, CdO, is prepared by igniting the nitrate. It is a 
brownish-black powder, consisting of microscopic octahedra. When ob- 
tained by heating the carbonate or hydroxide, it is a brown, amorphous 
powder. 

Cadmous Hydroxide CdOH, and its oxtW^, Cd,0, have been prepared. The first 
is a grayish- white compound, while the second is composed of yellow, translucent crystals. 
It is obtained on heating the hydroxide to a temperature at which sulphuric acid gives 
off dense white fumes. The hydroxide is a reducing agent, yielding hydrogen with 
hydrochloric acid and oxides of nitrogen with nitric acid. The oxide conducts itself 
similarly. These compounds are of interest, as they foreshadow the tendency toward 
the formation of lower oxides, so strongly shown by mercury (Am. Chem, Jr.^ 12, 493 . 

Cadmium Chloride, CdCl,, crystallizes from aqueous solution, with 
two molecules of water, and may be dried without decomposition. The 
anhydrous salt melts at 540° and sublimes in scales. 

Cadmium Iodide, Cdl,, is obtained by the direct action of iodine 
ui)on metallic cadmium in the presence of water. It crystallizes from 
the latter in hexagonal tables. It is used in photography. 

Cadmium Sulphate, CdSO^, crystallizes at — 20°, like the sulphates 
of zinc and magnesium at the ordinary temperature, with seven mole- 
cules oi water, but at the OTd\t\ai^ lemv^x^wvct V\n\\ \ \svc\^c\^^s» «j3»\ 
water : the crystals effloresce \u l\^e au. Ix, \\o>n^n^\ , ^o\vw=» ^^vW^ 'sa^x^ 
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, CdSO. .K,SO. + 6H,0; 
2 and magnesium, and Jso- 



with the sulphates of the alkali metals, e. 
these are perfectly analogous to those of z 
moTphous with them (p. 319). 

Cadmium Sulphide, CdS, occurs native as greenockite, in yellow 
hexagonal prisms. Hydrogen sulphide precipitates it from cadmium salt 
solutions as a yellow powder, insoluble in dilute acids. It is employed 
as a pigment. 

Almost all the alloys of cadmium have a low melting point. Freshly 
prepared cadmium amalgam is a white plastic mass, which soon becomes 
hard ; it was formerly used for filling teeth. 



The magnitude of the atomic weight of Mercury would place the lat- 
ter in the group of zinc and cadmium. The relationship of these three 
heavy metals occupying a similar position in the three great periods are, 
from a physical point of view, distinguished among the heterologous mem- 
bers by their ready fusibility and volatility, which nearly reach a maxi- 
mum in them. In the homologous series, zinc, cadmium, mercury, these 
properties increase with rising atomic weight (just as with the metals of 
the potassium group, p. 373): 



Hg 



Atomic weight, 
Melting point, 
Boiling point, 
Specinc gmvilT 



The gradation in the heat of formation of their compounds (p. 337) 
clearly indicates that mercury must be arranged in a group with cad- 
mium and zinc. 

Like zinc and cadmium, it yields compounds of the form HgX,, in 
which it appears bivalent. These derivatives are, in many re}<pects, simi- 
lar to the corresponding compounds of zinc and cadmium. Thus, mer- 
curic sulphalp forms double salts with the alkaline sulphates, which crys- 
talliie with six molecules of water CHgSO..K,SO. + 6H,0), and are iso- 
morphouE with the double sulphates of the magnesium group (p. 315). 
The similarity, however, limits itself to few compounds. Since the 
properties of each group sustain a slight change by virtue of the increas- 
ing atomic weight, we are not surprised to observe this to be very evident 
in the case of mercury (with the high atomic weight 300.3), es|)ecia11y as 
the middle (transition) member of the third great period is not known 
(p. 345). Mercury differs essentially from zinc and cadmium in that, in 

addition to the compounds of the form HgX, (mercuric compounds), it 
ijalsocapable of yielding those of the fottn HgX, (roeTCitQuscQm'jQimdsX, 
in which it seems to be univalent. Hcrt'««m«\.w\\^*^M\t:^A'^^'^'^'^'i^'^ 
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observed, in which one and the same metal (as with the most metalloids) 
is capable of forming compounds of two or more forms, which are to be 
referred to a different valence of the metal ; and it oAen happens that 
the derivatives of a metal, appearing in different forms or types, are fre- 
quently more essentially distinguished from one another than the com- 
pounds of different elements having the same type. Thus, the mercuric 

II 
compounds (HgX,) are similar to those of zinc and cadmium, after the 

I 
same form, while the mercurous compounds (HgX) exhibit great resem- 

blance to the cuprous (CuX) and silver (AgX) compounds, constituted 
according to a similar type. 

It shows that the similarity of the compounds is influenced not only by 
the nature of the metals, but frequently, to a marked degree, by the 
forms or types according to which they are constituted (p. 330). 

Heretofore it has been generally customary to assume the presence of two atoms of 
mercury, united to a bivalent group, in the molecule of the mercurous derivatives ; hence 
the ap]>earance of a univalent character : 

Hg-a Hg— NO, 

t'lg — CI Ag — NO,. 

Chloride. Nitrate. 

The most recent researches, however, show that these compounds can be represented 
by the simple formulas HgCl, HgNO, ; see pp. 325, 332. 



5. MERCURY. 

Hg = 200.3. 

Mercury {^Hydrargyrum^ i, e,y water-silver) occurs in nature principally 
as the sulphide, cinnabar : more rarely native in the form of little drops 
scattered through rocks. Its most important localities are Almaden, in 
Spain; New Almaden, in California; Idria, in Austria; Tuscany, in 
Italy; Mexico ; Peru; China; Japan. Considerable quantities have been 
found also in Russia. 

The metallurgical separation of mercury is very simple. Cinnabar is 
roasted in reverberatory furnaces, whereby the sulphur burns to dioxide, 
and the mercury vapors are condensed in large chambers with the aid of 
water. There is a regular and gradual return to the old method of dis- 
tilling cinnabar with lime or iron from iron retorts. Commercial mer- 
cury usually contains a slight quantity of other metals dissolved in it. 
For its purification, it is poured in a thin stream into a deep layer of dilute 
nitric acid or of ferric chloride solution, or it is shaken with a solution 
of potassium dichromate and dilute sulphuric acid, by which the admixed 
metals are more easily dissolved than the mercury. Finally, the metal is 
passed through chamois skin and distilled (best in a vacuum). Ber. 12 
(1879), 204, 576. 

Mercury is the only metal which is liquid at ordinary temperatures. 
At 0° its specific gravity equals 13.596 and at 15®, 13.559; it solidi- 
hcs at — 39-5°, and crystaWizes \t\ le^wXax oc\.2^A^^x^^ \\ ^n^\^q,\'^\r^^^\^^- 
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what at medium temperatures, and boils at 357^. Its vapors are very 
poisonous. The specific gravity of the vapor of mercury is 200.3, 
(O, = 32). Therefore, the molecular weight of the metal is 200.3, and as 
its atomic weight is also 200.3, ^^^ molecule, like that of cadmium and 
zinc, is composed of only one atom. At ordinary temperatures, mercury 
is not altered by exposure to the air ; near the boiling point, however, it 
gradually oxidizes to red mercuric oxide.( Hydrochloric and cold sulphuric tf<^ 
acids do not act upon mercury ; hot sulphuric acid converts it into mer- /U* 
curie sulphate, with evolution of sulphur dioxide. Even dilute nitric acid ^ ^ 
will readily dissolve it. (It combines with the halogens and sulphur at^^ 
ordinary temperatures.) ^ 

Mercury dissolves almost all metals (not iron) forming amalgams. It 
unites with potassium and sodium upon gentle warming, with production 
of heat and light. When the quantity of potassium and sodium exceeds 
2 per cent., the alloy is solid and crystalline; by less amount it remains 
liquid. [Comi)are Z. f. phys. Ch. 29 (1899), 119.] Tin amalgam is 
employed for coating mirrors. 

Sodium amalgam may be made by placing rather large pieces of sodium upon the 
bottom of an iron crucible, covering them with wire gauze, so that they cannot rise to the 
surface, and pouring mercury upon them. With large quantities the reaction begins cf 
itself. Finally, heat must be applied while stirring. 



Mercury forms two series of compoui ds, mercurous and mercuric. The ^^ 
first are analogous to the cuprous, and have the form HgX. In them"^/* 
mercury appears to be univalent. In many respects the mercurous com- ^^ 
pounds are similar to the cuprous and silver derivatives. (The halogen 
compounds are insoluble, and darken on exposure to light, j 

In the mercuric derivatives, HgX,, mercury is bivalent, and is very >. • 
much like zinc and cadmium. \Mercuric compounds almost always form, ^'^^ 
if the substance reacting with the mercury is in excess ; when the oppo- 3**i 
site is the case, mercurous salts result.^ CM ercuric derivatives, by the 
addition of mercury, pass into the mercurous, e, g.i) 

Hg(NO,), + Hg = Hg,(NO,),. 

This change may also be effected by reducing agents (sulphurous acid^ 
phosphorous acid and stannous chloride). Oxidizing agents convert the 
mercurous into mercuric compounds. 



MERCUROUS COMPOUNDS. 

Mercurous Chloride, HgCl or Hg,Cl„ calomel {Hydrargyrum chior- 
atum)y is an amorphous white precipitate, produced by the addition of 
hydrochloric acid or soluble chlorides to the solution of mercurous salts. 
Cit is generally formed by the sublimation of mercuric chloride with mer- 
curyj or a mixture of mercuric sulphate, mercury and sodium chloride 
is sublimed : 

HgSO^ + 2Naa -f Hg = Na^O^ + aHgQ. 



^ 
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It then forms a radiating, crystalline mass (quadratic prisms) of specific 
gravity 7. 2. Calomel is insoluble in water, in alcohol, and in dilute acids; 
it gradually decomposes when exposed to the light, with separation of 
mercury. When heated, it sublimes without fusing. Boiling hydro- 
chloric acid and hot concentrated solutions of calcium chloride and 
alkaline chlorides decompose it into mercuric chloride and free mercury: 

2Hga = HgO, + Hg. 

When ammonium hydroxide is poured over calomel, it blackens (hence 
the name calomel, from xaXo/ieXa^, t)eautiful black); it is not surely 
known what chemical change occurs heie. 

The vapor density of calomel vapors at 400° (first detennined by Mitscberlich, and con* 
finned by Deville and Troost, Rieth and Odling) is 235 (( ). = 32) ; which corresponds 
to the formula HgCl. As formerly supposed, and as recently demonstrated by V^. Meyer 
and Harris in opposition to Fileti, calomel breaks down completely into mercury and 
mercuric chloride [Ber. 28 (1895), 364]. This mixture has the same vapor density that 
undecomposed calomel would show : 

HgQ + HgCl = Hg + HgCl,. 
I vol. I vol. X vol. I vol. 

The question, whether the mercurous compounds contain one or two atoms of mer- 
cury, whether, for example, the formula Hg,Cl, or HgCl properly belongs to calomel, 
can, therefore, not be decided by the determination of its vapor density alone. It must 
also be ascertained of what the vapor consists — and this proof free from objection has not 
yet been given. From electro-chemical experiments and from the analogy to cuprous 
and silver chlorides it would seem very probable that mercurous chloride has the simple 
formula HgCl [Z. f. anorg. Ch. 9 (1895), 442]. 

Mercurous Nitride, N,Hg or Hg,(N,)2, is formed by adding mercurous nitrate to 
solutions of hydrazoic acid or its alkali salts. It is insoluble in water. It consists of 
microcrystalline needles, becoming yellow in the light and blackened by ammonia, just 
like calomel. When heated or struck it explodes with great violence. Its separation 
into its elements is accompanied with a brilliant blue light (p. 312). 

Mercurous Iodide, Hgl or HgJ„ is prepared by rubbing together 
8 parts of mercury with 5 parts of iodine, or by precipitating mercurous 
nitrate with potassium iodide. It is a yellowish-green powder, insoluble 
in water and in alcohol. Light changes it to mercuric iodide and mercury. 
Aqueous solutions of potassium iodide have the same effect. 

Mercurous Oxide, HgjO, is a black mass, and is formed by the 
action of potassium or sodium hydroxide upon mercurous salts. In the 
light or at loo*' it decomposes into mercuric oxide and mercury. 

Mercurous Nitrate, HgNO, or Hg,(NO,\, is produced by allowing 
dilute nitric acid to act u pon excess of mercury in J^h^ rn\(\ . It crystal- 
lizes with one molecule of water in large mono'chnic tables. It dissolves 
readily in water acidulated with nitric acid ; pure water partly decom- 
poses it with the separation of a yellow dasic salt of the composition 
TT OH 

The nitric acid solution of mercurous nitrate oxidizes when exposed to 
the air, and gradually becomes mercuric nitrate; this may be prevented 
by adding metallic mercury to the solution, whereby the resultant mer- 
curic salt is again changed to the mercurous state: 
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Hercurous Sulphate, Hg,(SOj), results when an excess of mercury 
is healed gently with concentrated suliihuric acid ; it separates as a crystal- 
tine precipitate, difficultly soluble in water, if sulphuric acid be added to 
a mercurous nitrate solution. It fuses upon application of heat, and de- 
composes into sulphur dioxide, oxygen and mercury. 

HercurouB Sulphide, Hg,S, is not definitely known. A black com- 
pound is produced in dilute solutions of mercurous fiitrate by hydrogen 
sulphide or alkaline sulphides. It contains mercury and mercuric sul- 
phide: 

H(,S = Hg + HgS. 



MERCURIC COMPOUNDS. 

Mercuric Chloride, HgCl,, corrosi ve sublimate (/^''^''^'j^"^'"^"''^'^ 

ratum), is produced when mercuric oxide is dissolved in hydrochloric aci d. 

or metallic mercury in aqua regia. It is obtained on a large scale by the 

sublimation of a mixture of mercuric sulphate with sodium chloride: 

HgSO, + 2N.a = HgCl, + Na,SO,. 

It crystallizes from water in rhombic prisms, and dissolves at medium 
temperatures in 15 parts of water, at 100° in a parts; it is still more 
soluble in alcohol. Its sjtecific gravity is 5.4. It fuses at 365° and 
boils at 307°. Its critical pressure is about 410 mm. (p. 219). The 
vapor density corresponds to the molecular formula HgCl, {~ 371.3). 

Reducing substances, like sulphur dioxide and stannous chloride, 
change it to insoluble mercurous chloride : 

aHgCl, + SO, + aH,0 = Hg,a, -1- H,SO, + aHC. 
Stannous chloride first precipitates mercurous chloride : 
aHga, + SnCl, = Hg,a, + Sna^ 

which is afterward reduced, by the excess of stannous chloride, to me- 
tallic mercury : 

Hg,a, + SnCl, = aHg + SoCl,. 

Mercuric chloride is greatly inclined to form double salts with metallic 
chlorides, e. g.. HgCI.KCl + H,0. These may be regarded as the 
salts of a hydrochlormercuric acid, H.HgCl, (p. 27i)' The acidity of 
an aqueous solution of mercuric chloride is neutralized by the addition 
of sodium chloride, which would indicate the formation of such salts. 
When ammonium hydroxide is added to its solution, a heavy while pre- 
cipitate is produced. Its composition varies with the concentration, the 
temperature, and the quantities of mercuric chloride and ammonia. 
fi^itU prtei^'tate (^Hydrargirum pracipUatum olbuwi^ Vm. 'i&^ \q^\ss^ 
HgClNH,. This compound may be tegai&e^ a& tawoisYt ti^ivovi.**.,^"^ 



']Wr 
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which one atom of chlorine is replaced by the amido-group, NH| : 

CI 
Hg<|^rT , and it has been called amido-mercury chloride. Or it may 

be derived from ammonium chloride by the substitution of a mercury 
atom for two hydrogen atoms, NHgH,Cl, mercurammonium chloride. 
Similar mercuri- and mercuro-ammonium derivatives are numerous. 

Mercuric Iodide, Hgl, {Hydrargyrum biiodatum)^ is formed by the 
direct union of mercury with iodine. When potassium iodide is added 
to a solution of mercuric chloride, mercuric iodide separates as a yellow 
precipitate, which immediately becomes red. It is readily soluble in 
mercuric chloride and potassium iodide solutions; it crystallizes from 
alcohol in bright red quadratic pyramids. Upon heating dry mercuric 
iodide to 150°, it suddenly becomes yellow, and fuses at 223** to a red 
liquid ; a portion subliming before this in yellow, shining, rhombic 
needles. On touching these with some solid, they become red, with 
separation of heat, and are changed into an aggregate of quadratic 
pyramids. (Mercuric iodide is therefore dimorphous. It crystallizes 
(dei>ending on the temperature), in either yellow or red forms) from 
methylene iodide, CH,I„ of which 100 parts dissolve 16.6 parts of mer- 
curic iodide at 100®. 

The great resistance shown by all the mercury halides toward concen- 
trated sulphuric acid is noteworthy. Even in the heat the halogen is very 
slowly expelled. They are also very stable toward caustic soda and pot- 
ash. This is in harmony with the tendency of mercury to yield deriva- 
tives which are only slightly dissociated. 

Mercuric Cyanide, Hg(CN),, is obtained by dissolving yellow mercuric oxide in 
aqueous prussicacid or by heating Prussian blue with mercuric oxide and water. It crys- 
tallizes from water in white quadratic prisms. It is also soluble in alcohol and can be 
extracted from its aqueous solution by shaking with ether. It breaks down on heating 
into mercury and cyanogen gas (p. 236). The mercury and cyanogen group seem to be 
differently combined from other metals and cyanogen, e. g.^ potassium cyanide. Mercuric 
cyanide has a very low degree of dissociation. Silver nitrate does not precipitate silver 
cyanide from its aqueous solution, nor does an alkaline hydroxide throw out mercuric 
oxide. Hydrogen sulphide and alkaline sulphides decompose it with formation of mer- 
cury sulphide and hydrocyanic acid or alkaline cyanide. Unlike potassium cyanide it is 
very stable toward acids. 

Mercuric Oxide, HgO, is obtained by the prolonged heating of 
metallic mercury near the boiling point in the air, or by the ignition of 
mercurous or mercuric nitrate and mercury. It forms a red, crystalline 
powder {Hydrargyrum oxydatum rubrum)y of specific gravity 1 1 . 2. When 
sodium hydroxide is added to a solution of mercuric chloride, mercuric 
oxide separates as a yellow, amorphous precipitate {Hydr. oxyd. flavum via 
humida paratum). Both modifications become black when heated, but 
change to a yellowish-red on cooling. Mercuric oxide decomposes into 
mercury and oxygen at about 400°. 

Mercuric oxide combines directly with ammonia, to form the compound 
2HcjO. NH3, which explodes with violence when heated. 

Mercuric Nitrate, Hg(NO^^y lx\s ^\^c\3\x.vo o\i\^\xv^^cv\^'5^a^x^^>axf^ 
because it is inclined to form bas\c compoMxvds. N. ^oXmxao^ ^^ \^^ ^^^ ^^^ 
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made by dissolving mercury or mercuric oxide in an excess or hot nitric 
acid On diluting the solution with water ttie basic salt, Hg(NO,),.3HgO 
+ H,0, separates, and this may be converted into pure mercuric oxide 
by boiling with water. 

Mercuric Sulphate, HgSO,, is produced by digesting mercury or 
Its oxide with an excess or concentrated sulphuric acid. I t forms a white. 
crysialline. insoluble mass, which becomes yellow on heating . It yields 
the hydrate HgSO^ -f H,U with a little water, but much of the latter 
decomposes it into sulphuric acid and the yellow insoluble basU salt, 
HgSO,. aHgO {Turpethum mineraU, Turpeth mineral). 

Mercuric sulphate forms double salts wilh the alkaline sulphates, e. g., 
HgSO,. KjSO, + 6H,0 ; these are isomorphous with the corresponding . 
double salts of the magnesium group (p. 315). 

Mercuric Sulphide, HgS, occurs in nature as dnnabar . in radiating 
crystalline masses, or in hexagonal prisms of dark-red color. It is obtained 
artificiallybyrubbing together mercury and flowers of sulphur with water, 
or it is produced as a black microcrystalline precipitate by the precipita- 
tion of a solution of a mercuric salt wilh hydrogen sulphide. If the black 
sulphide be heated with exclusion of air it sublimes as a dark-red mass of 
radiating crystalline structure, and is perfectly similar to natural cinnabar, 
A similar conversion of the black modification into the red is effected by 
continued heating of the same to 50° with a solution of potassium or 
ammonium sulphide. The red mercurysulphide thus obtained is employed 
as artificial cinnabar in painting. 



The mercury compounds can be readily recognized by the following 
reactions. When healed with dry sodium cariwnate in a small test- 
tube, mercury escapes, and condenses upon the side in metallic drops. 
Tin, copper and line throw out metallic mercury from its solutions. 
If a piece of sheet copper be dipped into the same, mercury is de- 
posited as a gray coating, which on being rubbed acquires a metal- 
lic luster. When a dry mixture of a mercuric salt, lime and potassium 
iodide is heated yellow (or red) mercuric iodide sublimes. This is 
the only iodide not decomposed by caustic lime. The me rcurous com- 
pounds are distinguished from the mercuric by their precipitation by 
hydrochloric acid. 



Tbe heats of fomution of the chlorides of the leven metalt of the second paa 
as follows : 

(Mg.a,) = 151 
(CCi.) - 170 (7.i.,a,) = 9J 

(Sr.Cl,') = 18s (Cd,C1,l = 93 

(B^d,) = .95 (llfcCr.) = 54. 

The heats (^ fonDation in the first nib-clais increase with (he rise in the atomic we 
while the omosite is observed in (he second sub-c\aM. t\^t\w»^^^A VnrosSiOTi'i 
derinUiTeM of the two groups manifest sinulai ie\ft\tott&. 
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Comparing these numbers with the quantity of heat whkh is disengaged in the ibniia- 
tion of aqueous hydrochloric acid : 

H,a = 22 ; H,a,Aq = 39.3, 

we find explained the behavior of the metals toward this acid. All metals liberating a 
greater quantity of heat than 39.3 Cal. in the formation of their chlorides (calculated for 
I equivalent of metal) are in condition to deconipose the dilute acid. Most of the metals 
belong to this class ; mercury, copper, silver, gold, lead, thallium, and some others, set 
free a less amount of heat, and hence are not able to decompose dilute hydrochloric add. 
The slight quantity of heat developed in the formation of hydrogen sulphide, 

S,H, = 4.5, 

indicates that the same is readily decomposed by all the metals. In the same way, bjr 
adding the heat of solution, 

S,H,,Aq = 9.2, 

we can easily ascertain which metals are precipitated by bydrogeii sulphide fixm their 
chlorides, etc 

If in the thermo-chemical equation, 

(Me,Cl,.Aq) + (S,H„Aq) = {Me,S) + 2(H,a,Aq), 

the sum of the heat developed upon the right side is greater than that upon the left, the 
reaction will occur (precipitation of metallic sulphides) ; in the opposite case the sulphide 
is decomposed by the dilute hydrochloric acid. 



COPPER, SILVER, AND GOLD. 

Considering the magnitude of their atomic weights, copper, silver, and 
gold, bear the same relation to the alkali group, especially to sodium, as 
zinc, cadmium, and mercury bear to magnesium: 

Na = 23.05 Mg = 24.36 
Cu = 63.6 Zn = 65.4 

Ag= 107.93 C^ =112 

Au= 197.2 Hg = 200.3. 

They occupy an entirely analogous position in the three great periods of 
the periodic system of the elements (p. 246), and constitute the transition 
from the elements of group VIII, especially from cobalt, palladium, and 
platinum, to the elements of group II — zinc, cadmium, and mercury : 

Co =59 Cu = 63.6 Zn = 65.4 

Pd=io6 Agr= 107.93 ^ =112 

Pt = 194.8 Au= 197.2 Hg = 200.3. 

This intermediate position of the three elements about to be discussed 
is clearly shown in their entire physical deportment. While the ele- 
ments of group VIII, with the last members, cobalt, palladium, and 
platinum, fuse with difficulty and do not volatilize, copper, silver, 
and gold constitute the transition to the readily fusible and volatile 
elements, zinc, cadmium, and mercuxY. TVve^^ \.^Vfc ^w Ycv\fc\\sNfed\^KR. 
position, too, with reference to lVve\t co^^cv^tA.^ ol ^^^^^Yvi\^\\^ >(iw»x 
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atomic volumes, atid other physical properties. It is nuteworthy that ilie 
ability (o conduct heat and electricity attains its maximum in cupper, sil- 
vlt, ami gold. 

Not only arc the proi^rties of the free elements determined by the 
pcisition of the latter in the periodic system, but those of their deriva- 
tives, and especially such as deixrnd upon the valence of the elements, are 
influenced lo a marked degree by the above relation. In consequence of 
the double periodicity of the great periods, copper, silver, and gold attach 
tUemsetves to group I, and especially to sodium, just as the elements im- 
mediately following, zinc, cadmium and mercury, arrange themselves with 
group II and magnesium. Hence we find copjxT, silver, and gold, like 

sodium, yielding com[>ound5 of the form MeX, in which they appear univa- 
lent. Some of these ate isomoiphous, e.g., silver sulphate, Ag,SO,, with 
sodium sulphate, Na,SO, ; sodium chloride, NaCI, cuprous chloride, CuCI, 
and silver chloride, AgC'l, cryslalliiie in forms of the regular system. 

But we may say that the similarity of copper, silver, and gold to 
sodium is cunfined to these few external properties. Just as the heavy 
metals, /.inc, cadmium, and mercury difier in many properties from the 
light metal magnesium (|). 313), so do the metals copper, silver, and 
gold, possessing a high sjKcilic gravity, distinguish themselves in a still 
higher degree from the light metal sodium. They possess all the proj)- 
erties belonging to the heavy metals, which are mainly characterized by 
the insolubility of the oxides, sulphides, and many salts, so that they 
arrange themselves in a less marked degree with the alkali metals. 

I 

In the compounds constituted according to the form McX, in which 
copper, silver, and gold appear univalent, they exhibit great similarity. 
Thus, the chlorides, CuCl, AgCI, and AuCl, aje while and insoluble in 
water; soluble, however, in concentrated hydrochloric acid, ammonia, 
the alkaline hyposulphites, etc., and fnrm double chlorides, very similar 
lo each other, with other chlorides. While silver only enters compounds 

of the form AgX, copper and gold are capable of yielding another form; 

I II 

copi-«r forms, besides cuprous, fuX, also cupric, CuX,, derivatives, in 
which it appears to be bivalent. The latter are much more stable than the 
former, and embrace the ordinary copper salts. Gold, however, besides 

I III 

furnishing aunw/, AuX, compounds, has auriV derivatives, AuX,, in which 
the melal appears lo be trivalent (t^e the Thallium Croup). 

While copper and gold, in their lower forms, are analogous to silver (and 
in less degree, to sodium), the cuprtV derivatives showa great resemblance 
to the compounds of the metals of the magnesium group and other metals 
in their bivalent combinations. Thus the sulphates of zinc, magnesium, 
cupric oxide (CuO). ferrous oxide (l-tO). nlckelous oxide (NIO), coliall- 
ous oxide (CoO). and manganous oxide (MnO), are similarly constituted', 
resemble each other, are isomorphous, and form eniirely analogous double 
salts (p. 315) with the alkaline sulphates. In ihc same way the carbonates 

(MeCO,). the chlorates and bromates (.MeC^O, -V t)Up^ &.■&&. (s<wev.,M.^ 



I 
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similarly constituted and isomorphous. In its auri^ derivatives^ gold ei- 

III 
hibits some similarity to the aluminium compounds (ADL), to those of 

III 
indium (InX,) and other metals, in their trivalent combinations. Here 
we see, as already observed with mercury (p. 321), that the simlaritjtf 
the compounds of the metals is influenced by the similarity of farms or types, 
according to which they are composed, /. ^., by the valence of the meub. 
If a metal form several series of compounds of different types, each series 
is usually more or less similar to the compounds of other metals of like 
type. In this manner is shown the resemblance of the compounds of the 
following types : 

Na,0 Ag,0 CujO Au,0 TXfi 

Sodium oxide. Silver oxide. Cnproiu oxide. Aurous oxide. ThftUous oxide. 

MgO ZnO CuO FeO 1^0 

Magnesium oxide. Zinc oxide. Cupric oxide. Ferrous oxide. Mercvnc oxide 

A1,0, Fe,0, AujOl T1,CV 

Aluminium oxide. Ferric oxide. Auric oxide. Thallic oxide. 

The character of their derivatives, varying with the degree of combina- 
tion or valence, becomes quite marked with chromium, manganese and 
iron, as we shall later see. The heavy metals also exhibit a strongly 
positive and basic character in their univalent combinations. Thus, silver 
oxide (Ag,0) and thallous oxide (T1,0) are strong bases, forming neutral- 
reacting salts with acids, and even cuprous and aurous oxides are more 
strongly basic than their higher forms of oxidation. The metalloidal 
character of the metals and the acid nature of their oxides begin to appear 
in their trivalent combinations. Thus, in the hydroxyl derivatives of 
aluminium, indium, and gold, Al(OH),, In(OH),, Au(OH)„ hydrogen 
may be replaced by the alkalies just as in boric acid, B(OH),. Their 
higher forms of oxidation show, like those of the metalloids, a pronounced 
acid-like character (as PbO,, PtO,, CrO,, FeO,) which is only lessened by 
a high atomic weight of the metal (as in PbO, and PtO,). 

The heats of formation of the copper, silver and gold compounds of the MeX type 
show the same gradation as those of the zinc group (p. 327) : 

(Na, CI) = 97.6 (Ag, Q) = 29.3 

(Cu, CI) = 32.8 (Au, CI) = 5.8. 



COPPER. 

Cu = 63.6. 

Native copper is found in large quantities in America (Lake Superior), 
China, Japan, also in Sweden and in the Urals. It frequently occurs 
crrstalJized in cubes and octahedxa.. T\\^vcvos\\\x\v^\\axvV^Tv^\£i<3fiX^v^^ 
distributed of its ores are: cupnle (CwP^^, xci ^^cVax .^ ^>aS10^.^>aJ^'«S: 



and azurite (aCuCO,. Cu(OH),) (basic carbonates), chalcocite(Cu,S), and 
especially chalcopyrite (Cu,S.Fe,S,)and bornite C3Cu,S.Fe,S,). 

iUttallurgy of Copper. — The extraction of copper from its oxygen ores is very simplr : 
metallic copper is melted out when the ores are ignited along with charcoal. The sul- 
phur ores are more difficult to work. i. The divided material is fiisl roasted in (he air, 
whereby the sulphur content is reduced : 

3(Cu^. Fe,S,) + aiO = 6CuO + sFeS + FeO + 7SO,. 



6CuO + sFeS = (3Cu,S + FeS) + 4FeO + SO,. 



3Cu,S + FeS + 9O = 3Cu,0 + FeS + 3SO, = 3CU, + FeO + 4SO,. 

The ferrous oxide formed here is takeu up by the silica to fonn a alag. In the more 
recently consliucted works, particularly in the United Stales, the sulphide ores are lirsl 
roasted and then melted in cupola or rererberatory furnaces, after which the coarse melal 
is subjected to the Bessemer process and the resulting black copper is eleclrolyied. See 
Chem. Zeit. 1895, 977 ; 1S97, 995 ; also J ah rb. d. Chem. v (1S9S), 3S7. 

In retiring copper elect rolytically, plates cas,\. from black copper are suspended as 
anodes in the solution of copper sulphate. The kathodes are plates of pure copper. The 
copper is dissolved from off the anode and deposited on ibe kathode. Impurilics, includ- 
ing any of the nobler melaU, settle at (he bottom as mud. 

Copper can also be obtained in the wet way from its ores. The puKeiized ore is 
treated with solutioos of ferric chloride or sulphate, when the copper sulphide is trans, 
posed to soluble copper salts in the sense of the following equations : 

Cu^ + Fe,Cl, = 2FeC!, + Cu,Cl, + S ; 

CuS -f Fe,CI, = CuCI, -|- iFeCl, -f S ; 

CujS -I- jFe,iSO,), = iCuSO, + 4F»S0, -+- S. 

The copper is then ptedpllated elecliolytically from the solution. 

The following countries are rich in copper : United Slates (l^ke Superior and Mon- 
tana), Spain and Portugal, also Chili, Japan, and Germany (Prussia, Mansfield), 

The following are excellent reference works on the metallurgy of copper ; Ust's Tech- 
nologie, Hammer's Technologic (p. 190), and IWrre's Vorlesungen Uber allgemeine 
HUttenkunde (Halle, 189S). 

To obtain chemically pure copper, the pure oxide is heated in a stream 
of hydrogen, or ihe solution of copper sulphate is decomposed by 
electrolysis. 

Metallic copper possesses a characteristic red color, and transmits a 
green light in thin leaflets. It is rather soft and ductile, and possesses a 
specific gravity of 8.5-8.9. It melts at about 1080°, and vaporizes in 
the oxyhydrogen flame. It remains unaltered in dry air ; in moist, it is 
gradually coated with a green layer of basic copper carbonate . When 
heated in the air, it oxidizes to black cupric oxide. 

Copper is not changed by dilute hydmchioric or sulphuric acids ; if it 
be moistened with these, and exposed to the air, it absorbs oxygen, and 
gradually dissolves. It issimilarly dissolved by ammotvTOTOV^&'i'a-kxit.'^o'*. 
concentrated salphuric acid converts it into cov\*^ »i\^M.\e., -«\'vfe. t-»^>i- 
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tion of sulphur dioxide. It dissolves in dilute nitric acid in the cold, 
with evolution of nitric oxide. Zinc, iron and also phosphorus precipi- 
tate metallic copper from the aqueous solutions of its salts. 



Copper forms two series of compounds, known as cupriws and cupr^. 
In the latter copper is bivalent : 

CuO CuQ, Cu(OH), CuSO^. 

These are more stable than the cupr^^;^^ derivatives; the ordinary copper 
salts belong to them. In many resjjects they resemble the compounds 
of other dyad metals, especially those of the magnesium group, and the 
ous compounds of iron (FeO), manganese (MnO), cobalt and nickel 
(see p. 329). 

The cuprous compounds are, on the other hand, very unstable, absorb 
oxygen from the air, and pass into cupric derivatives. They show some 
similarity to the mercurous derivatives (p. 323), and possess an analogous 
composition : 

CuG Cul Cu,0 C14S. 

Oxygen salts of cuprous oxide are not known. 

From the formulas given above, copper, like silver, is univalent in the caprtms cam- 
pounds. This is also experimentally indicated by the boiling and melting points shown 
by solutions of cuprous salts in pyridine, piperidine, and methyl sulphide. Tlie salts 
are not dissociated in these solutions ; they are non-conductors. From what has been 
said on p. 268 some of them probably have the simple formula, especially cuprous 
bromide, CuBr. 

Other salts are disposed to appear as double molecules ; the cyanide is only known as 
Cu2(CN),. We can therefore assume, as was done in the case of the mercurous salts, 
the presence of a bivalent group of two metallic atoms : 

CN~Cu-Cu-CN Cl-Cu-Cu-Cl. 

The vapor density of cuprous chloride even at 1700^ corresponds to the formula CuXL 
Both formulas should be given equal value. [See pp. 322, 324, 339, and Werner, Z. f. 
anorg. Ch. 15 (1897) l]. 



CUPROUS COMPOUNDS. 

Cuprous Oxide, Cu,0, occurs as cuprite crystallized in regular 
octahedra. Qft is obtained artificially by boiling a solution of copper sul- 
phate and grape sugar with potassium hydroxide, when it sei)arates as a 
crystalline, bright red powder^ It does not change in the air, and is 
readily soluble in ammonium Rydroxide. The solution absorbs oxygen, 
and while forming cupric oxide acquires a blue color. By the action of 
sulphuric and other oxygen acids, it forms cupric salts, half of the copper 
separating as metal : 

Cu,0 -f HjSO^ = CuSO^ H- Cu -V H^O. 

Tie hydroxide, Cu,(OH)„ is pTec\p\XaXe:d\i^ \\v^ a^VizXx^ ^ ^ >i^^^ V^-^- 
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der from hydrochloric acid solutions of cuprous chloride, Cu,Cl,. It 
oxidizes in the air to cupric hydroxide. 

Cuprous Chloride, CuCl or Ci),CI,, is produced by the combimion 
of metallic copper in chlorine gas (together with cupric chloride, CuCI,), ^ 
upon c onducting hydrochloric acid over copper at a Inw. red hea t ; by ^ 

boilinR the solution of cup rir i;>il(iriflp »iHi mpppf ■ 

CuQ, + Cu = CQ,a„ 

and by the action of many reducing substances upon cupric chloride. It 
is most conveniently made by passing sulphur dioxide through a concen- 
trated solution of copper sulphate and sodium chloride, when it separates 
as a white, shining powder, consisting of small tetrahedra. It fuses at 
430*, and distils at about 1000° ; its vapor density at 1600-1 700° corre- 
sponds to the formula Cu,CI,. In moist air it rapidly becomes green, 
owing to oxygen absorption, and the formation of basic cupric chloride, 
Ca<Qj,, It becomes black on exposure to light - Cuprous chloride is 
readily soluble in concentrated hydrochloric acid and in ammonium 
hydroxide; both solutions possess the characteristic property of absorb- 
ing carbon monoxide. Colorless leaflets separate from solutions saturated 
with the gas. Their composition seems to be Cu,CI, + CO -{- aH.O. 

Cuprous Iodide, Cul or Cu,I„ is precipitated from soluble cuprii 
salts by potassium iodide : 

iCnSOj + 4KI = Co,!, + aK,SO, + I^ 

By extracting the co- precipitated iodine by means of ether it i: 
obtained as a gray powder, insoluble in acids. 

Cuprous Sulphide, Cu,S, occurs as chalcocilc crystallized in forms of 
the rhombic system. It ia produced by burning copper in sulphur vapor, 
and by heating cupric sulphide in a current of hydrogen ; after fusion it 
solidi^es in crystals of the regular system. Combined with silver sul- 
phide it constitutes the mineral stromeyerile, * " [ S or Cu,S.Ag^, iso- 

roorphouswith chalcocite. 

Copper Hydride, CuH or Cu,H„ belongs to the derivatives of 
univalent copper. If a solution of copper sulphate be digested with 
hypophosphorouB acid, the hydride separates as a yellow amorphous pre- 
cipitate which soon acquires a brown color. At 60" it decomposes into 
copper and hydrogen. 

With hydrochloric acid it forms cuprous chloride : 

Cu,H, + aHQ = Cu,a, + aH,. 
(Compare Mylius and Fromm, Ber, vj (1894), 1, 647.) 



> 
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CUPRIC COMPOUNDS. 

The cupric salts, when hydrous, are generally colored blue or green ; 
they are colorless in the anhydrous condition. 

Cupric Hydroxide, Cu(OH),, separates as a voluminous bluish pre- 
cipitate when sodium or potassium hydroxide is added to soluble copper 
salts. When heated, even untier water, and particularly in the presence 
of alkali, it loses water, and is changed to black cupric oxide. In the 
presence of alkaline chlorides, or of cupric chloride it is partly reduced 
to a cuprous salt with the production of an alkaline peroxide in the 
evolution of oxygen : 

2Cu(0H), 4- 2KBr = Cu^r, -f K,0, -f 2H,0. 

(Spring and Lucion, Z. f. anorg. Ch. 2 (1892), 195). 

Cupric Oxide, CuO, is usually obtained by the ignition of copper 

turnings in the air, or by heating cupric nitrate. It forms a black 

amorphous powder, which, at higher temperatures, settles together and 

acquires a metallic luster. By heating with organic substances their 

carbon is converted into carbon dioxide, and the hydrogen into water, 

the cupric oxide being reduced to metal ; upon this rests the application 

of cupric oxide in the analysis of such compounds. 

/ Copper oxide and hydroxide dissolve in ammonium hydroxide with a 

\ dark-blue color. The solution possesses the power of dissolving- wood 

(fiber (cotton-wool, linen, filter-paper, etc.) — Sckweizer' s reagent. 

Cupric Chloride, CuCl,, is formed by the solution of cupric oxide 
or carbonate in hydrochloric acid. It crystallizes from aqueous solution, 
with two molecules of water, in bright green rhombic needles, and is 
readily soluble in water and alcohol. When heated, it parts with its 
water, becoming anhydrous chloride, which at a red heat is decpmposed 
into chlorine and cuprous chloride. It yields beautifully crystalh'zed 
double salts with potassium and ammonium chlorides. Cupric bromide 
is like the chloride ; the iodide is not known, since in its formation it at 
once breaks down into cuprous iodide and iodine. 

Copper Sulphate, CuSO^ -|- 5H,0, cupric sulphate, copper vitriol — 
may be obtained by the solution of copper in concentrated sulphuric 
acid. It is produced on a large scale by roasting chalcocite. It forms 
large blue crystals of the' triclinic system, which effloresce somewhat upon 
exposure. At 100° the salt loses four molecules of water ; the fifth sepa- 
rates above 200°. The anhydrous sulphate is colorless, absorbs water 
very energetically, and returns to the blue hydrous compound. 
C Although copper sulphate only crystallizes with five molecules of water, 
^ it is capable, like the sulphates of the magnesimn group, of forming 
double salts with potassium and ammonium sulphates, which crystallize 
with six molecules of water, and are isomorphous with the double salts 
of the metals of the magnesium group^ 

Copper sulphate is employed in electro-plating. When its solution is 
decomposed by the galvanic cuYieTvl eo^\>^x ^^^^x^\fc'5» -aX. \Vv^ ^^<^^v*^ 
pole, and deposits in a reguAat \a.^ei w^otv v\v^ cotve^MOlvcv^ Oovslos* ^^'^- 
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nected with the electrode. The positive pole is « copper ptate : the 
ions, SOf, dissolve a quantity of it equal to the copper deposited on the 
negative pole; hence the solution always has the same concentration. 
(Ammonium hydroxide added to a copper sulphate solutibn in sufficient 
quantity to dissolve the cupric hydroxide produced at first, changes the 
color of the liquid to a dark blue. From this solution alcohol precipitates 
a dark-blue crystalline mass with the composition CuS0,.4NH, -f- H,0. 
Heated to 150° this compoundloseswaterand two molecules of ammonia, 
and becomes CuSO^.aNH,. It is supposed that these compounds are 
ammonium salts in which a part of the hydrogen is replaced by copper; 
tbey have been designated cuprammamum (ompoun4is, e. g. : 

so.<5K:>':"- 

Cupnnmonlun lulphale. 

The Other soluble copper salts yield similar compounds with ammonium 
hydroxide. 

Cupric Nitrate, Cu(NO,)„ crystallizes with three or six molecules of 
water, has a darlc-blue color and is readily soluble, in water and alcohol. 
Heat converts it into cupric oxide. 

Copper Carbonates, — The neutral salt (CuCO,) is not known. 
When sodium carbonate is added to a warm solution of a copper salt the 
basic carbonate, CuCO,.Cu(OH)„ or CO<q^"q^, separates as a 
green precipitate. It occurs in nature as malachite, which is especially 
abundant in Siberia. Another basicsall, 3C0,Cu.Cu(0H),, is the beau- 
tiful blue aturite. 

Copper Arsenite separates as a beautiful bright green precipitate, 
upon the addition of sodium arsenite to a copper solution. This preci- 
pitate has never been obtained in homogeneous form and of a definite 
composition. It was formerly employed as a pigment, under the name 
oi Scheelt' i green, but at present, owing to its poisonous character, it has 
been replaced by other green colors (Guignet's green and aniline green). 

Cupric Sulpbide, CuS, is a black compound, precipitated from cop- 
per solutions by hydrogen sulphide. It is insoluble in dilute acids. 
When moist, it slowly oxidizes in the air to cupric sulphate. Heated in 
a stream of hydrogen, it forms cuprous sulphide, Cu,S. 



Alloys of Copper. — Pure copper is very ductile, and may be readily 
rolled, and drawn out into a fine wire. It does not make good cast- 
ings, because it contracts unequally upon cooling and does not fill out 
the moulds. For such purposes, alloys of copper are employed which, 
in addition, possess other technically valuable properties. The most 
important copper alloys are : 

>9r(»j, consisting of three partsof copper and one part of zinc. It has 
syellowcolor, and is considerably harder than \»utcco^^t. O^dwauls^ 
one or two percent, of lead are added to the \«a», ^V\tV ^a,t'^\V'».^fts,\>s. 
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working upon the turning-lathe. Tombac contains 15 per cent, of zinc, 
and has a gold-like color. The alloy of i part of zinc and 5.5 parts of 
copper answers for the manufacture of spurious gold leaf. The aJloys of 
copper with tin are called brontes. Most of the modem bronzes also 
contain zinc and lead ; those from Japan, gold and silver. The cawMn 
bronze contains 90 per cent, of copper and 10 per cent, of tin ; bell-mcul 
has 20-25 P^^ cent, of tin. 

Argentan is an alloy of copper, zinc, and nickel (see Nickel). The 
German copper coins consist of 95 per cent, of copper, 4 per cent, of tio, 
and I per cent, of zinc. 

Of the more recently introduced alloys of copper we may mention : 

Phosphor-bronze. — ^This consists of 90 parts of copper, 9 parts of tin 
and 0.5-0.8 parts of phosphorus. By the last ingredient the bronze b 
increased in hardness, and its solidity and resistance to oxidation are also 
increased. It is employed in making axle bearings and various parts of 
machinery. 

Silicon bronze^ containing silicon instead of phosphorus, is charac- 
terized by great firmness and conductivity. It is used for telephone 
wires and as conducting cables for electric railways. 

Manganese bronze contains 70 per cent, of cop|>er and 30 per cent, of 
manganese (it is the cupro-manganese of L6trange), and may be melted 
with copper and copper alloys, imparting to these solidity and great 
hardness. It is especially employed in making ship-propellers. 

See page 347 for Aluminium Bronze. 



Recognition of Copper Compounds. — Most copper compounds 
containing water have a blue or green color. With the exception of 
copper sulphide they all dissolve in ammonium hydroxide, with a blue 
color. Potassium ferrocyanide produces a reddish-brown precipitate or 
color in aqueous solutions of cupric salts. When a clean piece of iron is 
introduced into a copper solution, it becomes covered with a red layer 
of metallic copper. Volatile copper compounds tinge the flame blue or 
green. The spectrum of such a flame is cliaracterized by several blue or 
green lines. 



SILVER. 

Ag - 107.93. 



Silver occurs native. Its most important ores are argentite or silver 
glance (silver sulphide, Ag,S) and various compounds with sulphur, 
arsenic, antimony, copper and other metals (light-red silver ore, prous- 
tite, AgsAsS,, and dark- red silver ore, pyrargyrite, Ag,Sl)Sj). Of rarer 
occurrence are combinations with chlorine (horn-silver, AgCl), bromine 
and iodine. Slight quantities of silver sulphide are present in almost 
every galenite (PbS). The principal localities for silver ores are the 
United States, Mexico, BoVw'xai, \v\«»X.ii\\^, ^^.^ow^ Taxv^^\v^\. 
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MttaUurgy tfSAitr. — Tlie metallurgy of hItbt ores invoNei tnethodi dependent upon 
the lilver content of the ore, the cheniical coiuliluliiin of the latter and the conditions of 
locality. It is usually a complicated procedure. The imporlatil methods alone will be 
indicated briefly here ; details tnust lie sought in special *orks upon cliemical technoli^ 
(p. 331). It is only the richest ores fnim which (he silver can be directly recovered ; 
most of the melal is obuincd either (1) by first preparing an argentiferous lead and then 
separating these too metals subaequenlly ; or (i| by the aniBliramation process ; or (3] by 
con*ertiik(> the silver into soluble compounds and precipitating it from the solutions. 

I. The ores are worked together with lead ores for metal or, if Ihey contain more than 
X of silver, they are foaed directly wilh lead. Various metbods are pursued to enrich 
the ailver-lead dloy with the first meul. (a) FaitinienitiHg. When lead containing 
silver is fused and cooled slowly at first pure lead crystallises out which is removed with 
sieves ; an alloy rich in silver and readily fused remains. |*) Parirs'i /rivMj. Tliis 
method consists in adding linc to (he silver-lead alloy of low silver content and obtaining 
thereby an alloy of lead .zinc-silver, fusible wilh difficulty. When the fusion cools this 
alloy appean on Ibe surface as "line crust," The iJnc is cupelled from it by distillation. 
The lead now rich in siWei (obtained by one 01 the other method) is cupelled, 1. e., it is 
heated with air-access in a furnace the bottom of which consists of a porous mass. The 
lead is oiidiied to lead oiide which partly escapes and is in part absorbed. The silver 
is not oiidiied and remains in the cupel. 

I, The amalgamation process is based on (he fact that mercury dissolves silver and 
alao decomposes its compounds with the formation of an amalgam. 

The ore is roasted with sodium chloride, whereby silver chloride is produced. The 
divided material is then mixed wilh iron scraps bthI water in rotating vessels. The iron 
causes the precipitation of the metallic silver from its chloride : 
lAga + Fe = FeCl, -|- lAg, 



bustible material, (he conversion of silver ores into silver chloride is eieculed, in Mexico 
and Peru, by mixing the ores with sodium chloride and ci^pei sulphate in the presence 
of water. In this way cuprous chloride is produced, which is transposed, with silver sul- 
pUde, into silver chloride and cuprous sulphide : 

Cu,a, + Ag,S = fZafi 4- aAgO. 

3. By selutiim and prtcipitatian. The ores are roalled alone and afterwards together 
with salt. Silver tulpha(e is first produced and then silver chloride. The roasted mass 
is extracted wilb a caTicen(raIed salt solution which dissolves (he silver chloride, and 
ihnn this solution (he silver metal is precipitated by metallic copper. The resulting 
cuprous chloride solution is acted upon with iron lo recover the copper (Auguscin). Or 
after roasting the ore alone silver sulphate is dissolved out with water and the solution 
treated with copper {Ziervogel ). The silver can also be dissolved out by sodium copper 
thiosulphale, (be metal being then precipitated by means of a calcium sulpbydrate sotu' 
lion ^Russell). 

Commercial silver (work-silver) is cot pure, but invariably contains 
copper and traces of other metals in greater or less quantity. To pre- 
pare chemically pure metal, the work-silver is dissolved in nitric acid, 
and from the solution of nitrates thus obtained hydrochloric acid pre- 
cipitates the silver as chloride : 

AgNO, + Ha = Aga + HNOr 
The latter is reduced by various, methods ; either by fusion with sodium 
carbonate, or by the action of zinc or iron in the presence of water : 
lAgO -f Na,CO, = »NaCl -f- sAg -|.^ CO, -f- O. 
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Silver is a pure white, brilliant metal, of specific gravity 10.5. It is 
tolerably soft and very ductile, and can be drawn out to a fine wire. It 
crystallizes in regular octahedra. It fuses at 960^, and is converted into 
a greenish vapor in the oxyhydrogen flame. (It is the best conductor of 
heat and electricityi) Silver is not oxidized by oxygen ; by the action of 
ozone it is covered with a very thin layer of silver peroxide. When in 
molten condition, silver absorbs 22 volumes of oxygen without combin- 
ing chemically with it; the absorbed gas escapes again when the metal 
cools [sprouting or spitting of silver]. . 

Silver is capable of existing in three allotropic forms, which have 
properties greatly different from those of ordinary silver. The first form 
is soluble in water and has a blue color. The second variety is insoluble, 
and somewhat resembles the first form. The third closely resembles gold 
in color and luster. These allotropic varieties of silver are broadly dis- 
tinguished from normal silver by color. They very likely are more active 
conditions of silver, common silver being a polymerized variety (^Am. Jr, 
Science y 37, 476). 

(Silver unites directly with the halogens; by the action of hydrochloric 
acid it becomes coated with an insoluble layer of silver chloride. Boiled 
with strong sulphuric acid, it dissolves to sulphate: 

2Ag + 2H,S04 = AgjSO^ + SO, -h 2H,0. 

The best solvent of silver is nitric acid, which even in a dilute state 
and unaided by heat, converts it into nitrate.) 

As silver is rather soft, it is usually employed in the arts alloyed with 
copper, whereby it acquires a greater hardness. Most silver coins consist 
of 90 per cent, of silver and 10 per cent, of copper; the English shil- 
lings contain 92.5 per cent, of silver. What is termed the fineness of 
silver is the number of parts per thousand which the alloy contains. 



Oxygen forms three compounds with silver, but only the oxide yields 
corresponding salts. 

Silver Oxide, Ag,0, is thrown out of a silver nitrate solution by 
sodium or potassium hydroxide as a dark-brown, amorphous precipitate. 
It is somewhat soluble in water, and blues red litmus-pap>er. In this, and 
in the neutral reaction of the nitrate, the strongly basic, alkaline nature 
of silver and its oxide exhibits itself; the soluble salts of nearly all of 
the other heavy metals show an acid reaction (p. 330). When heated to 
250°, the oxide decomposes into metal and oxygen ; at 100® it is reduced 
by hydrogen. Silver hydroxide, AgOH, is not known ; the moist oxide 
reacts, however, very much like an hydroxide. 

On dissolving precipitated silver oxide in ammonium hydroxide, black 
crystals (Ag,0. 2 NHj) separate when the solution evaporates, and when 
dry these explode upon the slightest disturbance — fulminating silver. 

Silver Suboxide, Ag^O, is said to be produced by heating silver citrate in a current 
o^ hydrofren^ and is a black, very unslaVAe povjAex, vj\\\0\ ^ecoTK^-s^s x^-a.^^-^ \cwVa s^'^^\. 
oxide and siher. 




Silver Peioiide, AgO or Ag,0,, is fonned by pMsbg oione over sitver or its oxide, 
or bjr the decompositioa of the nilrate bf the electric cutienl. It consists of black, 
diining octahedn, uid *l loo° decomposes into silver oxide and oxjrgen (MuldccJ. 



Th* salts of silver coireipond to the oiide Ag,0, and are all constituted according to 
the fonn AgX, hence are tenned argentic. They are analogous to the cuprous and mer- 
Cinous derivatives, and show ■ great resemblance lo the former. It wpuld, Iherefotc, be 
more correct to designate them argentuuj. Compounds of the bivalent form AgX, are 
not known for silver. If, however, the mercurous and cuprous compounds ate expressed 
by double formulas (pp. 322, 33a) 1 



CnQ 



HgQ 
I 
HgCI 



No 



trbicb view it sopported by their chemical deportment, and is experimentally confirmed 
ID the case of cuproui chloride b; its vapor density 1 those of silver might be repretented 
by uuUc^ous foimulas : 



kgCl Ag^ AgNO,. 

Then the silver atom would be bivalent and a complete parallelism would be estab- 
lished with copper. In support of this view there exists the fact that when the silver 
halides are dissolved in pyridine, methyl sulphide, etc., the colligaiive properties of 
their solvents are influenced as if halide molecules possessing the formulas Ag,CI,, Ag,- 
Br,, Ag.I,, and posably in part higher formulas, were present. See pp. 368, 332. The 
chemical formulas of solid bodies do not generally designate their true molecular values 
as in the case of gases, but only their simplest atomic conipo^lion. It is very probable 
that even the simplest chemical compounds, t. g., potassium chloride and silver chloride, 
consist in Ibeit solid condition of complex molecules corresponding to the formulas 
(KCI)„ (AgCI)„. An argument supporting this view is afforded by the existence of 
diflerent modifications of chloride and bromide of silver ; these differ from each other in 
their external properties, and their varying susceptibilities to light. The doubling of 
formulas, as shown above with Cu,Ci,, Hg,Cl,, etc., is mainly due to the tendency to 
deduce all the compounds of an element from a constant value, according to the doctrine 
of constant valence. This is, however, impossible (p. 1' 9, 3M). According lo present 
notions of valence, and as it is presented in the periodic system, compounds JMeCl. 
MeQ,, MeCl,, etc.) are constituted according to definite forms or types that may materi- 
ally deteimine their properties (p. 322). .So far as the similarity of metallic compounds 
it concerned, it is M secondary importance whether the quantities corresponding to the 
simple formulas, in the solid or gaseous stale, do unite to larger, complex molecules 
(compare HgQ and Cu,Cli,— Aia„ AI(CH,), and A1,C1„ GaCl.and Ga,tT,.-SnCl„ 
Sn,CI(, PbC^, etc.). In case of the sesquioxides Me,<), it is also immaterial whether 
they are derived from sura>osed trivatent elements, or from those that are quadrivalent. 
The swne may be remarked of the metallic compounds Me,0, — (MeO.O),Me (see 
Spinels, 351). 

The use of simple or of double formulas (or the metallic compounds is therefore of no 
^>ecial importance. 

Silver Chloride, AgCl, exists in nature as horn-silver. When hydro- 
chloric sc id is added to solutions of silver salts, a white, curdy precipitate 
separates ; 'hf MTP** '"'"^ " 1 9°° 'p a vell nw Hgniii, which solidifies to a 
horn-like mass. The chloride is insoluble in dilute acids i it dissolves 
somewhat in concentrated hydrocWoTic ac'\d awi w wi&w\& ^^w\&.^. 
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very easily in ammonium hydroxide, potassium cyanide, and sodium 
hyposulphite. It crystallizes from ammoniacal solutions in large, regular 
octahedra. Dry silver chloride absorbs ammonia gas, forming a white 
compound of the formula 2AgC1.3NH,, which at 38® gives up its 
ammonia. 

Silver Bromide, AgBr, is precipitated from silver salts by hydro- 
bromic acid or soluble bromides. It has a bright jrellow color and dis- 
solves with more difficulty than the chloride in ammonium nydroiide; 
in other respects it is perfectly similar to the latter. Heated in chlorine 
gas it is converted into silver chloride. 

Silver Iodide, Agl, is distinguished from the chloride and bromide 
by its yellow color, and its insolubility in am mnp^j^- Fused silver iodide 
at first solidifies in isometric crystals, whicK gradually change to hexag- 
onal forms, but when the latter are heated to 146^, they suddenly revert to 
the isometric forms. It dissolves readily in hydriodic acid, to Agl.HI, 
which, upon evaporation of the solution, separates in shining scales. 
Heated in chlorine or bromine gas, it is converted into chloride or 
bromide ; conversely, chloride and bromide of silver are converted into 
silver iodide by the action of hydriodic acid. 

These opposite reactions are explained by the principle of the greatest eTolution of 
heat. Chlorine and bromine expel iodine from all iodides because the heat of forma- 
tion of the latter is less than that of the bromides and chlorides. Again, hydriodic 
acid (gaseous or in aqueous solution) converts silver chloride into the iodide aocoixliiig to 
the equation : 

AgCl 4- HI = Agl -h HQ, 

because the heat modulus of the reaction is positive (for gaseous halogen hydrides 
-I-12.5 Cal., for the solution -f iO-6 Cal. See the Table at close of book). Yet it may 
be noted here that Julius found that silver chloride and iodide were changed to bromide 
upon heating them in bromine vapor, and further that the chloride and bromide were 
also changed by iodine vapor into silver iodide. I'his is evidently an example of mas 
action [Z. f. anal. Ch. (1883) aa, 523 ; also Blau, Monatsheft 17 (1896), 547]. 

Sunlight, and also other chemically active rays (magnesium light, 
phosphorus light) color silver chloride, bromide, and iodide at first 
violet, then gray-black, whereby they are probably converted into com- 
pounds of the form Ag,X. Pure silver iodide is rather non-sensitive to 
light, but exceedingly sensitive if it contains silver nitrate or substances 
which can take it up {e.g. tannin); on this depends the application of 
these salts in photography. 

When silver plates, previously exposed to iodine, bromine or chlorine vapors, and con- 
sequently covered with a thin layer of a silver halide, are placed in a camera obscura in- 
visible images are produced. Mercury vapors condense on the spots which were exposed 
to the light and visible pictures appear (Daguerreotype, 1839). This was the first photo- 
graphic process but it has been replaced by others : ( i ) Wet collodion process, A 
glass plate is covered with collodion (a solution of pyroxylin in an ethereal solution of 
alcohol) holding in solution cadmium iodide and ammonium iodide together with about 
one-fourth part of ammonium bromide. After the evaporation of the ether the glass 
plate is immersed in a solution of silver nitrate, whereby silver iodide and brcnnide are 
precipitated upon the surface. The plate thus prepared is exposed to light in the camera 
obscura f and, after the action, dipped \nlo a soW\.\oxv o^ -'^'•jxoskbXVvc «jcv&. ^x ^'wxsi>a& ^ok- 
phate. These reducing substances separate meX»\\\c i\\N^\ \u«. ^u^^ ^n[\^^^ «xa\.^.,^«^^ 
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b piedpitated upon ihe plitcei irheie the light hu acted Biid (he piclure, Man invisible. 
is " denloped." Th« plalc is doit introduced inio t solution of [wtassium cyanide Di 
ndium hyposulphite, which dissolves the silver salts not ■fleeted by the light, while the 
melallic unaltered siWer lemaini (filing). {3) BrBtuidt-gtlalinf protest. The platel are 
coated with silver bromide, finely distributed in the molten gelatine. When (Le layers 
have solidified the drj platei can be piestrved for a long lime. The action or the light 
produces lilver nib-bromide which is more rapidly reduced by alkaline pyrogallol, hydro- 
quinone, hydroxylamine, by potassium ferrous oxalate and eikonogen (amido-^-naphthol- 
^monosulphonite of sodium) than anallered silver bromide, which in Ibis case is also 
removed b; sodium hyposulphite. Tbe negative thus formed ii covered at the placet 
upon which the light shone by a dark layer of silver, while tbe places corresponding to 
shadows of the received image are transparent. The copying of Ihe glass negative 00 
paper settsiliicd with lilver nilrvle is eieculed in a similar manner. 

Silver Nitrate, AgNO, (/?r^f «/«« nilri^um), is ob'^ined bydissolving 
pure silver in dilute nitric acid, and crystallizes from its aqueous solution 
in large rhombic tables, isomorphotis with potassium saltpeter. At 
ordinary temperatures it is soluble in one-half part of water or in four 
parts of alcohol, the solution has a neutral reaction, and in this respect 
differs from the salts of almost all metals, which react acid (p. 330)- 
It fuses at 300°, and solidifies to a crystalline m3s.s. When perfectly pure 
it is not affected by light. Organic substances turn it black. Silver 
nitrate is employed for cauterizing wounds {^lunar caustic). 

By dissolving work-silver in nitric acid a mixlare of silver and copper nilnles ii 
obtainei). To separate Ihe silver salt from such a mixture it is liealed lo redness, the 
copper being thus converted into oxide and the unaltered silver niirale extracted with 

Silver Nitrite, AgNO,, is precipitated from concentrated silver nitrate 
solutions by potassium nitrite. It crystallizes in needles, dissolves with 
difficulty in water, and decomposes above 90". 

8Uv«T Sulphate, Ag,50,, is obtained by the solution of silver in bot sulphniic acid, 
■nd crystallties in small rhombic prisms which are diflicullly soluble in walcT. It U 
isomorphous with anhydrous sodium sulphate. 

Silver Sulphite, Ag,SO,, is precipitated as a white, curdy mass, if sulphurous acid 
be added to Ihe aolution of Ihe nitrate. It blackens in the light and decompose* ai 100°: 

sAg^, = Ag^, + Ag, + SO,. 

Silver Nitride, AgN,, is very similar to silver chloride. It is more stable towards 
light and when bcaled or struck explodes with great violence. Angeli claims thai it can 
be readily obtained by adding a saturated aqueous solution of hydrazine sulphate to • 
concentrated aqueous solution of silver nilrite [Ber. 36 [1S93) ill, S85 1 see pp. \iZ,iH). 

Silver Sulphide, Ag^, occurs in regular octahedra, as argentite. 
Hydrogen sulphide precipitates it as a black amorphous sulphide from 
silver solutions. By careful ignition in the air it is oxidized to silver 
sulphate. It is insoluble in water and ammonium hydroxide. 

Silver Diiulpbide, Ag,S,, is a dark.brown amorphous powder. It is produced on 
mixings solution of silver nilrste in beniunitrile with one of sulphur in carbon bisulphide. 
Dilute hydrochloric acid converts it into a mixture of sulphur and wlver chloride, with 
evolution of b/drogeo sulphide : 

AgiS,+ 3Ha = 2AgC\-VH,?. + ^ 
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Silvering. — When silver contains more than 15 per cent of copper it has a yellowish 
color. To impart a pure white color to objects made of such silver they are heated to 
redness with access of air. The copper is thus superficially oxidized, and may be removed 
by dilute sulphuric acid. The surface of pure silver is then polished. 

The silvering of metals and alloys (German silver, argentan) is executed in a dry or 
wet way. In the Hrst, the objects to be silvered are coated with liquid silver amalgam, 
with a brush, and then heated in an oven ; the mercury is volatilized, and .the slver 
surface then polished. 

At present, the galvanic process has almost completely superseded the other piocesses. 
It depends on the electrolysis of the solution of the double C3ranide of silver and potas- 
sium (AgCN.KCN), whereby the silver is thrown out at the electro- negative pole and 
deposits upon the metallic surface in connection with that -electrode. 

To silver glass, cover it with a mixture of an ammoniacal silver soladon, with reducing 
organic substances like aldehyde, milk-sugar, and tartaric add. Under definite condi- 
tions, the reduced silver deposits upon the glass as a regular metallic mirror. 



Recognition of Silver Compounds. — Hydrochloric acid throws 
down a white, curdy precipitate of silver chloride, which dissolves readily 
in ammonium hydroxide. Zinc, iron, copper, and mercury throw out 
metallic silver from solutions of silver salts, and from many insoluble 
compounds, like the chloride. 



GOLD. 

Au = 197.2. , 

Gold {aurum) usually occurs in the native state, and is found dissemi- 
nated in veins in some of the oldest rocks. Gold sands are formed by the 
breaking and disintegration of these. It occurs, in slight quantity, in 
the sand of almost every river. Combined with tellurium it formssylvan- 
ite, found in Transylvania and California. It is present in minute quan- 
tity in most varieties of pyrites and in many lead ores. For the sepa- 
ration of the gold grains the sand or pulverized rocks are washed with 
running water, which removes the lighter particles and leaves the specific- 
ally heavier gold. 

The method of MacArthur and Forrest has of late found extensive appli- 
cation in the extraction of gold from its ores. The latter after reduction 
to a coarse powder and roasting are extracted with potassium cyanide 
solution. The gold dissolves as potassium aurocyanideand is precipitated 
with metallic zinc: 

2Au -h 4KCN -I- HjO + O = 2KAu(CN), -f 2KHO. 

The following localities are important gold producers: United States, 
Australia, Russia, South Africa, and the Klondyke in Alaska. 

Native gold almost invariably contains silver, copper, and various other 
metals. To remove these, the gold is boiled with nitric or concentrated 
sulphuric acid. The removal of the silver by the latter acid is only com- 
plete if that metal predominates ; in the reverse case a portion of it will 
remain with the gold. Therefore, lo ^ev^iaX^ ^>rt^ ^cX^Sxwsv^^^'s* V^\ 
j'n silver they must first be fused w\l\v aXiOuX. vVx^^-lo>x\>Ccv^ >Ccv€\x ^€y^^ 
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the latter metal. Gold may be separated from copper and lead by cupel- 
lation (p. 337). 

Pure gold is rather soft (almost like lead) and has a specilic gravity of 
19.32. It is the most ductile of all metals, and may be drawn otit into 
extremely fine wire and beaten into thin leaves, which transmit green 
light. At about 1060" it melts to a greenish liquid. It is not altered by 
oxygen, even upon ignition ; acids do not attack it. It is only in a mix- 
ture of nitric and hydrochloric acids (aqua regia), which yields free 
chlorine, that it dissolves to gold chloride, AuCl, Free chlorine pro- 
duces the same. Most metals, and many reducing agents (ferrous sulphate, 
oxalic acid) precipitate gold from its solution as a dark-brown powder. 

As gold is very soft it wears away rapidly, and is, therefore, in its prac- 
tical applications, usually alloyed with silver or copper, which have 
greater hardness. The alloys with copper have a reddish color, those 
with silver are paler than pure gold. The German, French, and Ameri- 
can gold coins contain 90 per cent, of gold and ro per cent, of copper. 
A 14-karat gold is generally employed for ornamental objects ; this con- 
tains about 58.3 per cent, of pure gold (34 karats representing pure gold). 



Gold, according to its atomic weight, belongs to the group of copper 
and silver; and, on the other hand, forms the transition from platinum 
to mercury. Its character is determined toa high degree by these double 
relations (p. 32S). Like the other elements of high atomic weight, mer- 
cury, thallium, lead, and bismuth, belonging to the same series of the pe- 
riodic system, it varies considerably in character from its lower analogues. 

Gold, like silver and copper, yields compounds of the form AuX, 
aureus, analogous to the cuprous and argentous. Besides, it has those of 
the form AuX,, auric derivatives, in which it is trivalent. These show 
the typical character of the trivalent combination form, which expresses 
itself in the acidity of the hydroxides (p. 330); auric hydroxide, 
Au(OH),, unites almost solely with bases. On the other hand, they 
show many similarities to the highest combination forms of the metals 
with high atomic weight: platinum (PtX), mercury (HgX,), thallium 
(TlX.),andIead(PbXJ(p. 3S7)- 



AUROUS COMPOUNDS. 
Aurous Chloride, AuCl. is produced by heating auric chloride, 
AuCI,, to 180°, and forms a white powder insoluble in water. When 
ignited, it decomposes into gold and chlorine ; cold water decomposes it 
slowly, more quickly on heating with formation of auric chloride and gold. 
Aurous Iodide, Aul, separates as a yellow powder, if potassium 
iodide be added to a solution of auric chloride : 

AnCl, -I- 3KI = Aul -t- I, -t- jKCL 
When heated it breaks up into gold and \odme. 
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When auric oxide or sulphide is dissolved in potassium cyanide, large 
colorless prisms of the double cyanide, AuCN. KCN, crystallize out upon 
evaporation. The galvanic current and many metals precipitate gold 
from this compound ; hence it serves for the separation of gold from 
ores and for electrolytic gilding, which, at present, has almost entirely 
superseded the gilding in the dry way (see p. 342), 

Aureus Oxide, Au,0, is formed by the action of potassium hydroxide 
upon aurous chloride. It is a dark-violet powder which at 350^ decom- 
poses into gold and oxygen. It is changed to auric chloride and gold 
by the action of hydrochloric acid. 

Only a few double salts of the oxygen derivatives of univalent gold are 
known. 



AURIC COMPOUNDS. 

Auric Chloride, AuClg, results from the action of chlorine upon the 
metal. It is a lemon-yellow deliquescent mass, which dissolves readily in 
alcohol and in ether. On evaporating the solution long, yellow-colored 
needles of the composition HAuCl^. 4H,0, hydrochlor-auric acid, remain. 
It forms beautifully crystallized double salts with many metallic chlorides, 
e, g., KAuCl^ -f 2H,0 and NH.AuCl^ -f 2>^H,0. When a solution of 
auric chloride is heated with magnesium oxide a brown precipitate is 
obtained, from which all the magnesia is removed by concentrated nitric 
acid, leaving Auric Oxide (Au,0,). This is a brown powder which 
decomposes, near 250**, into gold and oxygen. If the precipitate con- 
taining the magnesia be treated, not with concentrated, but with dilute 
nitric acid, Auric Hydroxide, AuCOH),, remains as a yellowish-red 
powder. Both the oxide and hydroxide are insoluble in water and acids; 
they possess, however, acid properties, and dissolve in alkalies. There- 
fore the hydroxide is also called auric add. Its salts, the aurates, are 

I 
constituted according to the formula MeAuO,, and are derived from the 
meta-acid, HAuO, = AuO. OH. 

Potassium Aurate, KAuO, -|- 3H,0, crystallizes in bright yellow 
needles, from a potassium hydroxide solution of auric oxide. These are 
readily soluble in water ; the solution reacts alkaline. The corresponding 
aurates are precipitated from this solution by many metallic salts, e. g, : 

KAuO, + AgNO, = AgAuO, + KNO,. 

The precipitate produced by magnesia in a solution of auric chloride 
(see above) consists of magnesium aurate, Mg(AuOj),. Oxygen salts of 
auric oxide are not known. 

Auric Sulphide, Au^S,, is precipitated as a blackish-brown com- 
pound, from gold solutions, by hydrogen sulphide. Its composition is 
either Au,Sj or Au,S, (mixed with sulphur), depending on the condi- 
tions prevailing at the time. It dissolves in alkaline sulphides with forma- 
tion o/" sulpho-salts, which are oiAy dexwed ^\oxcv Kw^^V^e. ^.^^vfw^Jsx^^, 
Hydrogen sulphide precipitates auious ^u\^\v\de, K\\§>, \\q.xcvV^\. ^Ov^ 
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solutions. It is steel-gray in color, and soluble in pure water, from 
which hydrochloric acid precipitates it. It is used in gold plating. 

Stannous chloride (SnCl,) added to an auric chloride solution pro- 
duces, under certain conditions, a purple-brown precipitate, purple of 
Cassius, which is employed in glass and porcelain painting. Alumina 
and magnesia yield similar purples, and it appears that their red colora- 
tion is due to finely divided metallic gold. 

On pouring ammonium hydroxide over auric oxide a brown compound 
is produced— fiiiminafitig gold. When this is dried and healed or struck 
it explodes very violently. 



HETALS OP GROUP III. 

The trivatent elements, affording derivatives maiuly of the form MeX,, 
belong to group III of the periodic system (p. 246) : 



Ga = 70 In = 114 ... Tl = 203.7, 

These bear the same relation to one another as do the elements of 
group II (p. 299). Boron has the lowest atomic weight, and the basic, 
metallic character in it is reduced very much or does not appear at all. 
In its exclusively acidic hydroxide, B(OH)„ it approaches the metal- 
loids, and is therefore treated with them (p. 241). 

Aluminium is a perfect metal ; its hydroxide, AI(OH)„ exhibits a pre- 
dominating basic character, and yields salts with acids. Its relations to 
boron are like those of silicon to carbon, or of magnesium to beryllium. 
The connection of aluminium and boron with the same group plainly 
shows itself in the entire character of the free elements, and in their 
com))ounds. Thus aluminium and boron are not dissolved by nitric acid, 
but by boiling alkalies : 

Al f 3K0H = A1(0K), + 3H. 

There is only a gradual difference between their hydrates. Boron 
hydroxide, B(,OH),, not only acts as a feeble acid, but we also find that 
aluminium hydroxide manifests an acidic character, inasmuch as it is 
capable (pp. 258, 330) of forming metallic salts with strong bases (chiefly 
the alkalies) ; but owing to the higher atomic weight of aluminium the 
basic character exceeds the acidic. 

Scandium, yttrium, lanthanum and ytterbium attach themselves to 
aluminium as UttK first nib-group. These constitute the third members of 
the great periods, and hence exhibit a pronounced basic character. As 
light metals, they are very similar to aluminium in their compounds, so 
that they are all embraced in one group, which (corresponding to the 
earthy nature of their oxides) is designated ll\e ^mtp a/ toxth. m.tla.h. 
Cerium, praeeodymium and oeodymhtin beat a, vcoAIi.m t(ia.\:\<Mi \a\4sv- 
tbaauat; tJiejr atomic weights are neuVy ai&Ve and Aievi \.w^ctC\<a-*«r- 
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a 

similar. They, like erbium, terbium, thulium, holmium and samariuin, 
are by no means so accurately known that they can be assigned defiDJte 
places in the periodic system. Most of them are probably mixtures of 
unknown elements. 

The second subgroup is more distinctly characterized and accurately 
investigated ; it consists of the heavy metals, gallium, indium and thal- 
lium. These belong to the right side of the great periods, possess, there- 
fore, a less basic character, and bear the same relation to one another as 
zinc, cadmium and mercury. 



I. GROUP OF THE EARTH METALS. 

ALUMINIUM. 

Al » 27.1. 

Aluminium, both in quantity and distribution. Is one of the most 
important constituents of the earth's crust. As oxide, it crystallizes as 
ruby, sapphire and corundum; less pure as emery. It is commonly 
found as aluminium silicate (clay, kaolin), and in combination with other 
silicates, as feldspar, mica, and also in most crystalline rocks. It occurs, 
too, united with fluorine and sodium, as cryolite, AlFl,.3NaFl, in large 
deposits, in Greenland. 

Metallic aluminium is at present obtained almost exclusively by the 
electrolysis of alumina dissolved in fused cryolite. The oxygen bums 
the carbon anode to carbon monoxide and aluminium separates in the 
molten condition. 

Metallic aluminium was Brst obtained as a gray powder by W5hler in 1827 when be 
heated the chloride with potassium. Later be conducted the vapors of aluminium chlo- 
ride over heated sodium or potassium, obtaining thereby globules of the metal. Bunsen, 
1854, reduced the double chloride of sodium and aluminium with the electric current and 
separated aluminium also in powder form. St. Claire- Deville announced similar methods 
almost simultaneously. It is due to his efforts that the metal was produced on a com- 
mercial scale (1856). This he accomplished by reducing aluminium sodium chloride, 
partly with introduction of cryolite, by means of sodium : 

AlClj.NaCl H-jNa = 4NaCl -f Al. 

However, in 1888 this method was in use in but one factory. A new impulse was given 
to the manufacture of the metal after the discovery of Castner*s and of Netto's methods of 
preparing metallic sodium. Equal parts of cryolite and sodium chloride were fu^ 
together and blocks of sodium of 5-7 kilc^^ms in weight were dipped into the then 
molten mass, the slag, separated from the aluminium and containing siodium fluoride, was 
treated with aluminium sulphate and artificial cr)'olite prepared. This sodium metlnxl 
was abandoned as a consequence of the development of electrolysis. In America 
natural gas is used for heat and power purposes ; and the power of Niagara Falls was 
turned to the production of electric currents. A portion of the Rhine Falls at .Schaff- 
hauscn in vSwitzcrland is applied to the same purpose. Another large aluminium plant 
ex\iits at Froges near Gr6nob\e. TVie e\ecUo\^s\^ \s cotv^vlcVxA \xv «xx5:ic^axi^:^ hrn^ '^ast 
method of H6roult, using a so\ul\otv o( a\\im\tiai\u ^w^^crjoXwa^tA ^>aoTs^, Vofc^'vv^'t 
breaks down quite readily into aVumVmum aiv^ ox^^tti. Tstf. Vii5\ m^eiSa!^^ «* Aas^gi 
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used in America, is practically the same. (Compare CI. Winkler, Ch. /t., 1S92, 349, 
and Elbs; ibid.y 1894, 1637 ; 1897, 995; espt^cially W. Horclier's Kleklronictallur^ic, 
1896, and his Eleklrische Schmelzofen, llalle, 1897.) 

Aluniiniiiin is an almost silver-white metal of strong luster, very ductile, 
and it may be drawn out into fine wire and beaten into thin leaflets. Its 
specific gravity is 2 583; it belongs, consequently, to the light metals (see 
pp. 252, 313). It fuses at 660° but will not vaporize. It changes very little 
in the air at ordinary temperatures, and even when heated. If, however, 
thin leaves be heated in a stream of oxygen, they will burn with a bright 
light. Pure aluminium is attacked with difficulty by water. The commer- 
cial article, containing sodium, is more readily afiected, while the amal- 
gamated product is very easily and quickly acted upon by the reagent. 
Nitric acid affects aluminium only superficially ; sulphuric acid dissolves 
it on boiling, while it is readily soluble, even in the cold, in hydrochloric 
acid, and in a solution containing 5 per cent, of acetic acid and some 
sodium chloride it is attacked at once. It dissolves in potassium and 
sodium hydroxide with evolution of hydrogen, and forms aluminates: 

Al -f 3KOH = K, AlO, -f 3H. 

Owing to its stability in the air and beautiful luster, aluminium is some- 
times employed for vessels and ornaments. 

It has been found that vessels of aluminium are attacked by most foods and drinks. 
The effect is slight and diminishes rapidly with continual use. The relish of foods pre- 
pared in such vessels appears to suffer nothing by continuance nor does there appear to 
be any harmful influences to the general health (Plagge). 

Alloys of copper with 5-12 per cent, of aluminium are distinguished 
by their great hardness and durability. They make good castings, and 
possess a gold-like color and luster. Under the name of aluminium 
bronze, they are used for the composition of various articles, as watches, 
spoons, etc. Their firmness and elasticity render them suitable for physical 
instruments (arms of balances) and watch springs. 



Aluminium has a most remarkable affinity for oxygen. It has conse- 
quently been in use for quite a while in isolating other elements from their 
oxides (p. 136). Magnesium oxide is the only oxide not reduced by 
metallic aluminium. Alumina (conmdum) always results in such reduc- 
tions : 

Cr,0, -I- 2AI = A1,0, -h Cr,. 

When metallic oxides are heated with aluminium powder so much heat is liberated 
that violent explosions take place. H. Goldschmidt has recently discovered a means of 
controlling these rearrangements and of utilizing the immense heat of the reaction by ignit- 
ing the mixture of metallic oxide and aluminium powder within by means of a percussion 
point at but one place and letting the transpositions advance from there. The '* percus- 
sion point " consists of a magnesium band supplied at its end with a mixture of aluminium 
powder mad barium peroxide or some other substance t\c\i m ox^^^&iv. \cv ^^^^Ocv \^<&.^<n5^w<& 

ibe aluminium is converted into a slag of fused coTunduvi, HiYivi oxi cocXv^^ q.t^'!»\s^\i«^ 

in part like the aatand product. 
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Sulphides instead of oxides, can be used ; this is sometimes advantageous 
aluminium sulphide melts easily and can be r^ulily separated from metala : 

3CuS + 2AI = AljSj -}- 3CU. 

[See H. Goldschmidt, Ann. Chem. (1S98) 301, 19.] 

The heat evolved in the formation of aluminium hydroxide is 388.8 CaL This (ur 
exceeds that of any other oxides : 

Cu,0 = 37 ; Fe„0„3H,0 = 191. 

The heat corresponding to one atom of oxygen, is, therefore, 129.6 Cal.; since that of 
water is far less (H,,0 =69.0), it must be decomposed by aluminium, with liberMioo 
of hydrogen (p. 273). If this does not transpire under oidinary conditions, the reasoo 
must be sought for in the insolubility of aluminium hydroxide. Indeed, the reacdoa 
occurs if aluminium chloride, or another salt, in which the aluminium oxide is solable, 
be added to the water. Conversely, the high heat of formation of aluminium 
explains why it is not reduced by carbon. 



Aluminium unites in but one proportion with oxygen, A1,0,; this is 
the source of salts of the type AIX, (p. 349). Water decomposes them 
hydrolytically in part and that explains the acid reaction of their aqueous 
solutions ; they have a sweet, acrid taste. 

The trivalence of aluminium is shown in its organic derivatives, e, g, : 

A1(CH,)„ A1(C,H,)„ etc. 

Such compounds like those with hydrogen are best adapted for the determination of the 
valence of an element (p. 247). At sufficiently high temperatures the density of the 
vapors of aluminium chloride correspond to the formula AlClj,, but at lower temperatures 
this, like other metallic chlorides {e. g.^ tin dichloride, gallium chloride, etc., p. 339)» 
shows a tendency to form lai^er molecules — to polymerize. 

Aluminiuni Chloride, AlCl,, is produced by the action of chlorine 
upon heated aluminium; also by heating a mixture of aluminium oxide 
and carbon in a current of chlorine: 

AljO, + 3C -f 6C1 = 2AICI, 4- 3CO. 

Chlorine and carbon do not act separately upon the oxide ; by their 
mutual action, however, the reaction occurs in consequence of the affinity 
of carbon for oxygen, and of chlorine for aluminium. The oxides of 
boron and silicon show a similar deportment. 

In order to get chloride free from iron and oxychloride, it is advisable 
to heat the metal in dry hydrochloric acid gas (Seubert and Pollard, Ber. 
(1891)24, 2575). 

Aluminium chloride may be obtained in white, hexagonal leaflets by 
sublimation. It sublimes readily, but will only fuse when subjected to 
high pressure (in a sealed tube) and at 19^-194**. At i7S-i79° the 
(used, cooWng mass exhibits iVve ^Vvetvorcvexvow ol \io^vcv% -axA ^\^^\\s>\\s5^ 
(p. 22g). The boiling point wwdei v\v^ ox^iat^^x^ ^x^«^>ax^ \^ V^-J 
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Deville and Troost (1857) first determined the vapor density of aluminium 
chloride, bromide, and iodide at 440^, and found it to correspond to the 
formulas A1,C1,, Al,Br,, and A1,I,. Later, Friedel and Crafts redetermined 
that of the chloride at 218-440° with like results. This led to the sup- 
position that aluminium was quadrivalent in all its compounds (Jahresb. 
f. Ch. 1888, I, 131). The most recent investigations of Nilson and 
Peterson (Z. f. phys. Ch. z (1887), 459) have shown that at higher 
temperatures (above 760°) the vapor density of the chloride corresponds 
to the formula AlCl, (p. 339). 

Aluminium chloride absorbs moisture from the air, and deliquesces. 
It crystallizes from a concentrated hydrochloric acid solution, with six 
molecules of water. On evaporating the aqueous solution, the chloride 
decomposes into aluminium oxide or hydroxide and hydrogen chloride : 

2Aia, -h 3H,0 =r AljO, -f 6Ha. 

It forms double chlorides with many metallic chlorides, viz. ; AlCl,. NaCl, 
AlCl,. KCl. The solutions of these may be evaporated to dryness with- 
out decomposition. It also unites with many halogen derivatives of the 
metalloids : 

Aia,.pa„ Aici,.Poci„ Aicij.sa^. 

Aluminium Bromide, AIBr,, is obtained like the chloride, and consists of shining 
leaflets which fuse at 90^ and boil at 265-270''. 

Aluminium Iodide, All,, is formed on heating aluminium filings with iodine. It 
is a white, crystalline mass, fusing at 185'', and boiling at 360°. It is best prepared by 
covering ^eet aluminium with carbon bisulphide, and then adding the calculated amount 
of iodine gradually, letting the whole stand for some time, and then distilling off* the car- 
bon bisulphide. The reaction occurring between aluminium iodide and oxygen is inter- 
esting. If the vapor of the former be mixed with the latter, and then brought in contact 
with a flame, or if acted upon by an electric spark, a violent detonation will ensue ; 
aluminium oxide and iodine result : 

2AII, -f 3O = A1,0, -f 3l.- 

This deportment is due Co the great difference in the heats of formation of the aluminium 
oxide (about 380 Cal. ), and the iodide (140.6 Cal.). The chloride and bromide are 
similarly decomposed, but with less violence. 

Aluminium Fluoride, AlFl,, obtained by conducting hydrogen fluoride over heated 
aluminium oxide or hydroxide, sublimes at a red heat in colorless rhombohedra. It is 
insoluble in water, unaltered by acids, and is very stable. It yields insoluble double 
fluorides with alkaline fluorides. The compound, AIFI,. 3NaFl, occurs in Greenland, 
in large deposits, as cryolite, and is employed in the soda and alumina manufacture 
(p. 292). 

Aluminium Oxide, A1,0„ is found crystallized in hexagonal prisms 
in nature, as ruby, sapphire, and corundum, colored by other admixtures. 
Impure corundum, containing aluminium and iron oxides, is called 
emery, and serves for polishing glass. The specific gravity of these 
minerals is 3.9 ; their hardness is only a little below that of the diamond. 
Artificial aluminium oxide — corundum — may be obtained by reducing 
metallic oxides with aluminium — following Goldschmidt*s method ; in 
makir^g chromium the slag will contain little crystals of the ruby. The 
crystallized or strongly ignited aluminium oxide is almo&t insoluble in 
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acids; to decompose it, it is fused with caustic alkalies or with primary 
potassium sulphate, HKSO^. 

Aluminium Hydroxides. — ^The normal hydroxide^ Al(OH)y, occors 
in nature as hydrargillite. The hydroxide, A1,0,(0H),, is diaspore. 
Bauxite is a mixture of the hydroxide, A1,0(0H)^, with ferric oxide. It 
occurs in large deposits in France, in the Caucasus, etc The Dormal 
hydroxide is artificially obtained as a white voluminous precipitate, 
by adding ammonium hydroxide or an alkaline carbonate (in the latter 
case carbon dioxide escapes, p. 352) to a soluble aluminium salt. It 
dissolves, when freshly precipitated, in acids and in potassium and 
sodium hydroxides. By long standing under water, or after drying, 
it is, without any alteration in composition, difficultly soluble in 
acids. When carefully heated, the normal hydroxide first passes into 
the hydrate, AIO.OH. 

The freshly precipitated hydroxide dissolves readily in a solotioii of alaminhim diloride 
or acetate. On dialyzing (p. 237) this solution the aJumininm salt or crystalloid diffbseSp 
and in the dialyzer remains the pure aqueous solution of the hydroxide. This has a faint 
alkaline reaction and is coagulated by slight quantities of adds, alkalies aod many salts; 
the soluble hydrate passes into the insoluble gelatinous modification. 

Gelatinous aluminium hydroxide possesses the property of precipitating many drestofi 
from their solutions, forming colored insoluble compounds (lakes) with them. On this 
is based the application of aluminium hydroxide as a mordant in dyeing. The acetate is 
generally used for this purpose. Goods saturated with this salt are heated with steam, 
which causes the decomposition of tlie weak acetate; acetic add is driven off, while 
the separated aluminium hydroxide adheres to the fiber of the material. If the latter 
now be introduced into the solution of coloring matter the color will be fixed by the 
aluminium hydroxide upon the fiber. At present, sodium aluminate is emplojred in- 
stead of the acetate. 

Aluminium hydroxide has a feeble acid character, and can form salt- 
like compounds with strong bases. On carefully evaporating its solution 
in sodium or potassium hydroxide, or upon addition of alcohol, white 
amorphous compounds of KAIO,, NaAlO, and Al(ONa), are obtained. 
The potassium compound can be obtained in crystalline form. These 
derivatives, known as aluminates^ are not very stable, and are even 
decomposed by carbon dioxide, with elimination uf aluminium hydroxide : 

2NaA10, 4- CO, -f- jH^O = 2A1(0H), -f Na,CO,. 

The aluminium hydroxide obtained in this manner, in distinction from 
that precipitated from acid aluminium solutions by the alkalies, is not 
gelatinous, and is more difficultly soluble in acids, especially acetic. It 
comprises the ordinary alumina of commerce. 

On adding calcium chloride, strontium chloride, or barium chloride to 
the solution of potassium or sodium aluminate, white insoluble aluminates 
are precipitated : 

2NaA10, -h CaCl, = Ca(A10,), -f 2Naa. 

Similar aluminates frequently occur as crystallized minerals, in nature. 
Thm the spinels consist c\\\e^v o^ m^^xv^\>\xs\ ^>\x«Cvcv^\fc^ ^^ ^>\\?^\ 
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AlO O 
chrysoberyl is beryllium aluminate, AlO O-^^^' gahnite is zinc alu 

. ^ AlO. 0.^-7^ 
mi Date, ^jq Q>Zn. 

Nearly all these minerals, commonly called spinels, crystallize in regu- 
lar octahedra, like the corresponding chromium comix>unds (see these) ; 
the exceptions are chrysoberyl, crystallizing in the rhombic system, and 

hausmannite, Mn^O^ ^^ M O o-^^"' ^° *^^ quadratic system. 

Technically, alumina is obtained from cryolite, bauxite and other minerals containing 
aluminium. The pulverized bauxite is heated with dry sodium carbonate in furnaces, 
and the resulting sodium aluminate extracted with water. From the clear solution car- 
boo dioxide precipitates the hydroxide, while sodium carbonate remains dissolved, and is 
afterward recovered. The dried aluminium hydroxide occurs as a white powder in trade. 

K. J. Baeyer treats the finely ground bauxite with caustic soda and stirs into this solu- 
tion freshly precipitated, crystalline alumina (as obtained on conducting carbon dioxide 
into a cold aluminate solution). All of the alumina separates after some hours, and the 
alkaline liquid is again run through the same course. The method is based on the decom- 
positioD of the aluminates by water ; the alumina which is mixed in with it acts like a 
crystal of Glauber salt upon supersaturated solutions (p. 288). 

The gelatinous, readily soluble (colloidal) aluminium hydroxide (see above) precipi- 
tated from acid solutions by alkalies, has lately been prepared upon a large scale, accord- 
ing to the method of L5wig, by treating the sodium aluminate solution with milk of lime ; 
calcium aluminate precipitates, while sodium hydroxide remains in solution : 

2NaA10, -f Ca(OH), = Ca(A10,), -f 2NaOH. 

The calcium aluminate is dissolved in hydrochloric acid : 

Ca(A10,), -f 8HC1 = 2AICI, -f CaCl, -|- 4H,0, 

and to the solution now containing the alumina as chloride the corresponding amount of 
calcium aluminate added, and aluminium hydroxide is precipitated : 

2AICI, -f 3Ca(A10,), -f I2H,0 = 8A1(0H), + aCaCl,. 

According to this procedure, the sodium hydroxide formed in the first reaction is obtained 
together with the alumina. 

On conducting carbon dioxide into a solution of alkaline carbonates, and adding a 
solution of an alkaline aluminate at the same time,, white a luminiufn -alkali carbonates 
are precipitated : 

A1,0,.K,0 -f 2KHCO, = A1,0,.K,0.2C0, + 2KOH. 

The caustic alkali that is formed in this way is converted again into bicarbonate by car- 
bon dioxide. In a dry state the precipitates are white, chalk-line masses which at 90^ 
contain five molecules of water : 

A1,0,.K,0. 2C0j f 5H,0. 

Their constitution may be expressed by the formula : 

K-f)-<:0-0-Al = O. 

They dissolve readily in dilute acids, even acetic, with evolution of carbon dioxide, and 
are suitable for the preparation of pure alumina mordants and antiseptic solutions (Ldwig). 
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The basic character of aluminium hydroxide exceeds the acid; but it 
is so feeble that it is not capable of forming salts with weak acids, as car- 
bon dioxide, sulphurous acid, and hydrogen sulphide. When sodiiia 
carbonate is added to solutions of aluminium salts, aluminium hydroiide 
is precipitated, while carbon dioxide is set free : 

2Aia, 4- 3Na,C0, 4- 3H,0 = 2A1(0H), + 6Naa + 3CO, 

The alkaline sulphides behave similarly : 

2Aia, -I- 3(NH^),S + 6H,0 = 2A1(0H), + STUHjCi + 3H^ 

That the hydrate is a feeble acid is shown in the decomposition of the 
alkali salts by carbon dioxide. 

Aluminium Sulphate, Al,(SOJ,, crystallizes from aqueous solution 
with eighteen molecules of water in thin leaflets with pearly luster. ThcK 
dissolve readily in water ; when heated, they melt and lose all their water 
of crystallization. The sulphate is obtained by dissolving the hydroxide 
in sulphuric acid, or by the decomposition of pure aluminium silicate 
(clay) with the same acid ; the residual silicic acid is removed by filtra- 
tion, and the solution of the sulphate evaporated. When a quantity of 
ammonium hydroxide, insufficient for complete precipitation, is added 
to the sulphate, dasic sulphates separate out. Salts similar to the latter 
are also found in nature; thus, aluminite, used to prepare alum, has the 
composition : 

Al,<^^"^* 4- 7H,0 or (AIO.O)^, + 9H,0. 

Aluminium sulphate can combine with the alkaline sulphates and 
affords double salts, termed alums, e. g., potassium alum: 

A1,(S0J,.K,S04 -I- 24H,0 or KAl(SOJ, -f I2H,0. 

Their constitution is expressed by the following formula : 

III 
SO^ = Al — SO^ — K -f- i2H,0. 

In this compound the potassium may be replaced by sodium, ammonium, 
rubidium, cassium, and also by thallium hydroxylamine, and some organic 
bases. Iron, chromium and also vanadium, titanium and manganese 
afford like derivatives : 

FcjfSOJa.KjSO^ + 24H,0 Cr,(SO0g. (NH^^jCSO)^ 4- 24H,0. 
Potassium iron alum. Ammonium chromium alum. 

All these alums crystallize in regular octahedra or cubes, and can form 
isomorphous mixtures. 

The most important of them is potassium aluminium sulphate or ordi- 
nary alum, KA1(S0J, + i^H^O. It CT^st^Wv-Lc^ ^\c>vci ■^•aX^x \^ lax^e^ 
transparent octahedra, so\ub\e \tv ^ v^xvs ol vjax^x vil vi\^YKv^\>j \fc\svvKw^- 
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tare, or in ^ part of boiling waicr. The solution has an acid reaction and 
a sweetish, astringent taste. Wlien placed over sulphuric acid, alum loses 
three-fourths of its water. When heated it melts in its water uf crystalliza- 
tion, loses all the latter, and becomes a white, voluminous moss — Immt 
alum. Upon adding a little sodium or potassium carbonate to a hot 
alum solution, the hydroxide first produced di^olves, and when the liquid 
cools, the alum crystallizes out in cubes, as eubieal alum. The addition 
of more sodium carbonate causes the precipitation of the basic salt — 
KAI(SO,),.AICOH\. Alunite, found in large quantities near Rome and 
ID Hungary, has a similar composition, K(A10),',S0,), + 3H,0. 

CommerdBl alum il obtained accoiding (o various methods : (l) Fiom alunite, by 
beating and eilracling with hot water. In this way alum disralves while the hydroxide 
Temaios ; from such solutions the fonner ciystallizes in combinalions of the octahedron 
with cube faces — RomaD Blum, [i) The most common source of alum was formerly aium 
tkalt, a clay containing pyrite and peat. This is roasted and aflei moistening with water 
is exposed Tor a long time la the action of the air. By this means pyrite, FeS„ is con- 
TClted into ferrous tulphale, FeSO,, and free sulphuric acid, which, acting upon the 
clay, forma aluminium sulphate. The mass is extracted with water, polaNiiuni sulphate 
added, and the whole permitted lo crystal lize. I3I At present clay is treated directly with 
sulphuric acid, and to the solution of aluminium sulphate potassium oc ammonium sul- 
phate is added. (4) Bauxite and cryolite are admirable material for the preparation of 
alum. The working of cryolite for alumina and soda is described on p. 293, and that of 
bauxite, p. 351). 

Ammonium Alum, NH,A1(S0,), + i3H,0, crystallizes, like potas- 
sium alum, in large crystals, and ai present, owing to its cheapnes-s is 
applied almost exclusively for technical purposes. Sodium alum is much 
more soluble, and crystallizes with difficulty. As the alum employed in 
dyeing must contain no iron, we understand why this salt is not applica- 
ble. At present the alum is being more and more supplanted by alu- 
minium sulphate and sodium aluminate in all practical operations, because 
these chemicals can be procured perfectly free from iron. 

Alumioiuni Phosphate, AlPO, -f 4H,0, is thrown out of alumin- 
ium salt solutions by sodium phosphate, as a white gelatinous precipi- 
tate; this is readily soluble in acids, acetic excepted- Turquoise is a 
basic phosphate of aluminium colored blue by a copper compound. 

Aluminium Silicates. — The most important of the aluminium 
double silicajes, so widely distributed in nature, are : leudte, KAi(SiO,)„ 
alhittQX sodafeldspar,NaAlSi,0„ ordinary feldspar — orthodase. KAlSi,0„ 
and the various micas, which, with quartz, compose granite. When 
these disintegrate under the influence of water and the carbon dioxide 
of the air, alkaline silicates are dissolved and carried away by water, 
while the insoluble aluminium silicate, <lay, remains. Perfectly pure 
clay is while, and is called kaolin, or porcelain clav ; its composition 
mostly corresponds to the formula, Al,(SiO,), -|- aH.O or Al,Si,0, -f- 
aH,0. When clay is mixed with water a tough, kneadable mass is 
obtained. By drying and burning, it becomes compact and hard, and is 
ihe more Urc-proof, the purer the clay. On iWs dc\«Tife xVe. vca o^ ^i-ii,-^ 
for the manufacture of earthenware, from \\\e Tcd\)V\0*.\o Y^\i,€\iTO. 
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To produce porcelain a very fine mixture of kaolin, feldspar and qomrtz is emploTcd. 
On strong ignition, the feldspar fuses, fills the pores of the clay and thus furnishes a fused 
transparent mass — porcelain. When it is not so strongly ignited, it remains ponwi- 
faience — serving for finer clay vessels. To render these impervious to water, they tit 
covered with glazing. This consists of various readily fusible silicates. Rough eartiien. 
ware vessels are constructed fix)m impure clay, and they are usually glaxed by throwing 
salt into the ovens at the time of burning. The salt vaporizes and fonns an etaly 
fusible silicate on the surface of the clay, hydrochloric add being liberated. 

Ultramarine, — The rare mineral Lapis lazuli^ which was formerly cm- 
ployed as a very valuable blue color under the name of UUramarim^ is 
a compound of aluminium sodium silicate with sodium polysulphides. 
At present ultramarine is prepared artificially, in large quantities, by 
heating a mixture of clay, dry soda (or sodium sulphate), sulphur and 
charcoal, away from air. Green ultramarine is the product. This is 
then washed with water, dried, mixed with powdered sulphur and gently 
heated with air contact until the desired blue color has appeared — hhe 
ultramarine. The chemical constitution of this blue coloring material 
has not yet been explained. On pouring hydrochloric acid over the bliie 
product, the color disappears with liberation of sulphur and hydrogen 
sulphide — this would point to the existence of a polysulphide. Violet 
and red ultramarines are prei)ared at present by conducting dry hydrogen 
chloride gas and air over common ultramarine at 100-150^. 
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In some very rare minerals, like ceritc, gadolinite, euxenite, orthite, samarskite, thorite, 
and monazite, occurring principally in Sweden, Norway, Greenland, and the United 
States, is found a series of metals which, in their entire deportment, closely resemble 
aluminium (p. 345). These are scandium, yttrium, cerium, lanthanum, neod3rmium, 
praseodymium, samarium, ytterbium, and the more recent erbium, terbium, gadolinium, 
decipium, thulium, holmium and dysprosium. These generally form difficultly soluble 
oxalates, and are, therefore, precipitated from solution by oxalic acid. The anh]rdroiis 
sulphates are quickly and easily soluble in cold water ; in warm water they are slowly and 
difficultly soluble. They form double salts with the alkali sulphates ; the potassium 
double salts are constituted according to the formula Me,(SO^)j.3K,S04. Their solu- 
bility in water differs ; some of them are insoluble in saturated solutions of potassium 
sulphate. The formates are partly sparingly soluble and in part very soluble. The 
hydrous nitrates and chlorides are very soluble in water and in alcohol. The nitrates of 
these metals are decomposed at different temperatures ; this property affords an excellent 
means for their isolation and separation. Fractional precipitation with ammonia is also 
used for this purjxjse. The salts and solutions of the individual metals are in part 
colorless and partly colored. Most of the latter show absorption spectra. The position 
of the absorption lines in the spectrum— their wave-length — is characteristic for that 
particular element and is a sure and excellent means for its recognition. The oxides of 
many of these metals when heated in the Bunsen flame diffuse great quantities of light 
The glowing oxides of some of the elements whose salt solutions show absorption spectra 
give a discontinuous spectrum with bright bands whose positions correspond exactly to the 
absorption lines. 

Scandium, yttrium, lanthanum, cerium, samarium, and ytterbium have been most acca- 
rately investigated. Their atomic weights are very approximately correct. The most in- 
teresting of the group is scandium, atomic weight 44.1. It fills out the gap between 
calcium and titanium. It coincides m a\\ \V,s ^to^^xU^s v^VCcv ^c«%fc ^^^wc:^^ >^etf?<s\^\va^'\ 
from the periodic system by MeRde\c)e^ toi Oke e\<imtvvV cfeaboron vc^ta^^x^ V^jre^vassiV 
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Scandium, Sc =^ 44.1, ducoKied by Nilson in 1S79, is contain^ in euxeniie knd 
gadolioiW ; it hu not yet been obtained in a free condition. Its o.xuii, Sc,0,. is oblnined 
by igniting the hydroxide or nilrale, and is a while, infusible jxiwder (tike magnesia and 
oiide of beirlliuin). lis specific graviiy ctiuaU 3.S6. The hydrmulr, Sc(l)II),, is 
ptecipilated as a gelatinous mass from its Mils by the alkalies, and is insoluble in an 
excess or the latter. The nitialt ciystBlliics in litlle piisms, and is easily decomposed by 
heat The fotasiium dtmblt mlphatt, Sc,(!iO,)]. jKJiU,, is soluble in wami water, but 
not in a solution of potassium sulphate. The chUiride anords a characteristic s|Mirk spectrum. 

Yttrium— Y = 89, discovered by Mosander in 1843 in the ytlria of gadoliiiite, has 
been obtained by eleclmlyiing the anhydrous fused chloride. It is a gray powder which 
decomposes water in the cold. Oeve and ili^lund first obtained many of its compounds 
in a pure slate. Il occurs principally in the gadolinile from yllcrby (about 35 per cent. 
V,U,). Its oxide is a white, infusible, strong base, which is capable of expelling ammonia 
from its salts. Its specific gravity is 5,04. lis fotasiium doublt iulphali. Y,(SO,),.3K,S0„ 
is soluble in a potassium sulphate vilution, and in this manner il can be readily separated 
fnnn cerium, lanthanum, didymjum and samarium. Its ni/rnfi-, VINO,), -j- 6H,(), fonns 
la^, deliquescent crystals. The chloridr, YCl, -f 6H,0, fonns large prisms, and gives 
a brillianl spark spectrum rich in lines. 

L.Biitbaiium, La ^= 138 (from idti^Friv, 10 be hidden), was discovered in cerile l>y 
Mosander (1839). Il can be obtained by the electrolysis of its fused chlori<le. Il resem- 
bles iron in color and in luster. Il oxidizes in Ihe air and in a flame bums with a bright 
light. Specific gravity = 6. 16. The oxide Lb,0, is brillianl while : il combines directly 
with water 10 the hydrale'LK(,OH)„ which reacts alkaline andabsorbs carbon dioxide from 
the air. It is a powerfiil base which expels ammonia from ammonium salts in Ihe cold. 
The anhydrous mlphnti, La,(SO,)„ diastJves readily in water of 4''. When its saturated 
scJution is healed to 40° most of it separates as the hydrous salt. The following sul- 
phates are known : La,(^SO«),-)-6II.,0 and La,(50,), + gH,0. The pola.-^ium double 
sail is sparingly sduble in water and insoluble in a saturated potassium sulphate solution, 
La^|SO,l,.3K,SO,. The nitrnlt, LilNO,), . 6H,0, consists of large prismatic crystals, 
which lose water on heating. The salt mell* when more strongly heated, and on coaling 
becomes like dusl. Il decomposes al high temperatures. The anhydrous chloride, 
I^CIh is a crystalline mass, which dellcguesces in moist air, forming crystals of the hydrous 
chloride, sLaClj. 1511,0. The chloride shows a very bright spark spectrum with numer- 
ous lines. Pure lanlbanum oxide exposed in a vacuum to kathode rays shines with a 
powerful light and before Ihe spectroscope shows a brillianl band spectrum. The lan- 
thanum salts are colorless ; Ihey do not have an absorption spectrum. 

Cerium, Ce ■= 140, discovered simultaneously in 1803 by Klaproth and Betzelius 
and named, as was also the mineral. Prom the newly discovered planet Ceres, occurs in 
ceiile t6o per cent.), and is also obtained by the electrolysis of the chloride. Il is very 
similar to lanthanum, but al ordinairy lemperalures is more stable in the air than the latter; 
it hums much more readily, so that hroken.off particles of it inflame of their own accord. 
The specific gravity trf the fused metal is 6.71. Besides Ihe sails of Ihe myu/iui''/', ('e,0,, 
it formssome from •Aadieridt, CeO,. The former in which cerium Is trivalenl are colorless, 
while the latter- the eerie— are colored yellow or brown ; red eerie hydroxide. Cei OH 1^, 
is precipitated from the former, on the addition of hypochlonles. A little aqueous hydro- 
fluoric acid will convert the eerie hydroxide into «««« /WT.yfworiV/^ CeH, -( 11,0. The 
ttlrathloridi, CeCI„ is also known in double salts. These compounds indicate that cerium 
is quadrivalent and that it probably belongs to the fourth group of the periodic system 

(p. a«. 

Didymium, Di ^ 143, was found in cenle by Mosander. and was regarded as an 
element until 1885. Auer von Welsbach then succeeded in resolving il into two new 
elements, which he called Neodyminm ^ Nd (144?) and Praseodymium =^ Pr 
(1407). The oxide of the old didymium (from dirti/im. twins, a constant a.-wcinle of 
cerium and lanthanum] has a bright grey color after strong ignition, that of neodymium 
a bluish color and that of praseodymium a greenish- white color. While the balls of old 
didymium had an amethyst-red color, those of neodymium are a rose violet and those of 
prueodymium are an intense leek green. The salts and solutiotvs of the did didymium 
motrcd a amgniSceat abforplion spectrum and its componttAs ^time ftiw "sv'^i \v. "Vm: 
mna it true of Ibe qjark ipectrK. The mosl \mfoi\jaDV AtdiKiwt* si ^s»5K^-\a*-in' 
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were recently prepared and studied by von Scheie. It has two oxides : PK), and Pr,0|. 
Its salts follow the type PrX, ; the praseodymium in them is pronouncedly tiivalent ^Z. t. 
anorg. Ch. (1898) 17, 310 ; 18, 352). 

Samarium, Sm = 150, was discovered by M. Delafontaine and almost simultaneously 
by Lecoq de Boisbaudran in 1878 on studving unknown absorption bands given by the 
samarskite from North Carolina. It has also been found in cerite, gadolinite and oithite. 
Marignac (1880) prepared the oxide and some salts in a pure state. P. T. Cleve has made 
an exhaustive investigation of it. The metal has not yet been prepared. The oxide is 
pure white and its specific gravity is 8.38. In the Bunsen flame it shows a remarkable 
light-emission power and a discontinuous spectrum with bright bands. Samarium salts 
are light yellow in color. They and their solutions exhibit a characteristic absorptioo 
spectrum. The sulphate^ Sm,(S04), -(- SH^O, consists of small crystals, dissolving with 
difficulty in water. Its double salt with potassium sulphate is sparingly soluble in water 
and almost insoluble in a saturated potassium sulphate solution. The nUrate, Sm(N<J,)p 
crystallizes, melts easily and is decomposed. The chloride^ SmCl, -j- 6H,0, forms large 
tabular crystals ; its spark spectrum is very distinct. 

Ytterbium, Yb = 1 73. Marignac (1878) found that its oxide was the chief constiioent 
of erbium oxide which Bahr and Bunsen had regarded as a distinct element. It is ob- 
tained by the repeated incomplete decomposition of a mixture of the nitrates of these 
earths with careful heating. Ytterbium and scandium oxides being the feeblest bases, 
are first eliminated and can then be separated by means of potassium sulphate. Ytterbium 
oxide, YbyOj, is a white, infusible powder of specific gravity 9.17. It is readily soluble 
in acids ; its salts are colorless and do not show an absorption spectrum. Ytterbium 
sulphate^ Yb2(S04), -{- SH^O, forms large prisms, stable in the air. Its double salt with 
potassium sulphate is readily soluble in water and in a saturated potassium sulphate 
solution. Ytterbium chloride gives a spark spectrum rich in lines. 

Erbium = Er. Mosander (1843) demonstrated that the supposedly simple yttria was 
in fact a mixture of the three earths— erbia, terbia and ytterbia. The erbia of to-day 
is the rose-red oxide from the old yttria, which Mosander called terbia, and which Bahr 
and Bunsen (1866), as well as Cleve and Hoglund (1873) prepared in Iar?e quantities 
from gadolinite and regarded it as elementary. However, Marignac in 1878 obtaiiMd 
ytterbium from it and Nilson in 1879 scandium. The investigations continued in that 
line proved that it could be still further simplified. The old erbia gave an absorption 
spectrum very rich in lines and the fact that on partly decomposing its nitrate by fusion 
or by the fractional precipitation of its nitrate solution with dilute ammonia, fractions were 
obtained in which the absorption bands appeared in different number and strength, 
induced P. T. Cleve to assume in it the presence of three elements — the real Erbium = 
Er (166), Thulium ^ Tm and Holmium = Ho. Then Lecoq de Boisbaudran by similar 
observations discovered that holmium also contained Dysprosium = Dy (dMTTfwcr/rof, 
difficult to reach). Nilson and Kriiss regard erbium, thulium, holmium, and dysprosium 
as capable of further division. 

Terbium = Tr. The oxide (terbia) was discovered by Mosander in the old yttria, 
but called erbia by him at that time. It occurs in small quantities in the gadolinite of 
Ytterby in Sweden. The names, yttrium, erbium, terbium, and ytterbium, are transposi- 
tions of the syllables of the word Ytterby. The samarskite from North Carolina contains 
great quantities of terbia. The metal has not been prepared. Terbia is a dark orange-red 
powder. It dissolves in hydrochloric acid with evolution of chlorine. It loses its coUht 
when heated in hydrogen, also suffers a slight loss in weight and becomes white. Very 
probably the orange-colored oxide is a peroxide. The terbium salts are colorless ; they 
have no absorption spectrum. Its formate dissolves with difficulty in water. The double 
sulphates with potassium and sodium sulphate are sparingly soluble in saturated potassium 
sulphate and sodium sulpliate solutions. The chloride does not yield a spark spectrum. 
Terbia is probably identical with the oxide of philippium, discovered by M. Delafontaine, 
and the oxide of mosandrium, by J. Lawrence Smith. Lecoq de Boisbaudran considers 
that terbia contains two additional earths, which he designates temporarily Za and ZJ. 

Gadolinium, Gd = 156 ? Marignac discovered its oxide in the North Carolina samars- 
kite. It is also present in some orthites. It \s 2lv\ aXuvost "w\\\tt 5^^d^t^ vet^ soluble in 
acids. The salts and salt so\ul\oi\s do t\o\. ex\v\\Av ^.xv ^"5*iT\^>:\wv 's.^^^vt^^ '^^i ^^:^^Tv^"t 
does not give a spark spectrum. Exposed Vo v\vt V^>\\cA^ x^^% ^^ ^vv\^^>^o:\^v.xm^vc.^ 
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in an alntoA vacuoas tabe gadoliniR gives out ■ fiery red color, kod in the spectroscope 
hss a spectrum with > bright orange-red line, whose wave lenglh i — iifi 6094. 

Decipium, Dp = 171 ? Ila mide /i>, 1/1,1 (ftont drciffre, to deceive) was discovered 
in the samar^kite of North Carolina by Dclafontaine, It \i colorless ; its sills also are 
colorless and show no absorption spectrum, lis double sulphate with potassium sulphate 
is insoluUe in a saturated potassium sulphate solution. Decipium does Dot give a spark 



2. THE GALLIUM GROUP. 

The three heavy metals, gallium, indium, and thallium, bear the same 
relation to aluminium which co|)per, silver, and gold bear to sodium 
and zinc cadmium, and mercury to magnesium. 

Ca 63.6 Zn 65.4 Ga 70 Ge 71 As 75 

Ag 107.93 <^ ■<! !■> lU Si> iiS'5 ^l> '^ 

Ao 197.2 Hg 200.3 'Tl ^t-i ^^ aob,^ Bi 308.5 

They constitute the corresponding members of the three great periods, 
and as a second sub-group attach themselves to aluminium, while cerite 
metals form the first, more basic sub-group (p. 354)- The entire character 
of the three elements under consideration is influenced by this position 
in the periodic system, because regular relations appear in all directions, 
as maybe observed, for example, in the specific gravities, melting points, 
and other physical properties in the free metals : 





Ga 


,. 


Ti 




70 


114 

■ 7^^ 


204.1 
I1.8 
390" 


Specific gravity, 





Being members of group III of the periodic system, Ga, In, and Tl 
yield compounds of the trivalent form, and these are analogous to those 
of aluminium in many respects. 

Thallium, like other elements with high atomic weights (Au, Hg, Pb), 
exhibits great variations from the group properties (p. 321)- It yields, 
for example, not only derivatives of the form 'I'lX,, but also those of 
TIX. If we include thallium as a member of the last great period (Pt, 
Au, Hg, Tl, Pb, Bi), we will discover that, as in the case of the other 
metals of this series, a remarkable regularity underlies all its forms of 
combination — the highest as well as the lowest : 
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1. GALLIUM. 

Gas 70. 

Gallium was discovered in anc-blende from Pierrefitte, in 1875, hy Leooq de Boisbnd* 
ran, by means of the spectroscope. Since then it has been obserred io other blendei, 
and in the clay iron ore of Yorkshire, as well as in the pig-iron of Middlesborougfa. It 
is identical with Linnemann's austrium. As early as the year 1869, Mendelejeff, takiof 
the table of the periodic system devised by him as basis, predicted the existence of a metal 
(standing between aluminium and indium, with an atomic weight of nearly 69), which he 
named Eka-aluminium, Its properties were necessarily deduced from its positioo in the 
periodic system. All the properties of gallium known at that time agreed with those of 
eka-aluminium, and it seemed very probable that this element, which had been theoicti- 
cally established, was in reality gallium. 

As yet gallium has only been found in very small quantity, and is bat imperfectly 
investigated. It is characterized by a spectrum consisting of two violet lines. Sepaiated 
by electrolysis from an ammoniacal solution of its sulphate, it is a white, hard metal, of 
specific gravity 5.9, with a fusing point of +30^. It is only superficially oxidized in the 
air, not altered by water, and is not volatile up to a red heat Like aluminium, it is 
scarcely attacked by nitric add, but dissolves readily in hydrochkiric acid, as well as in 
caustic potash and ammonia with the evolution of hydrogen. 

Gallium and aluminium unite to form alloys ; those rich in the former metal are liquid 
at the ordinary temperature, and decompose water as energetically as metallic sodium. 

Qalliuna Oxide, Ga^O,, is obtained by igniting the nitrate. It is a white mass which 
sublimes when heated m a current of hydrogen. The hydroxide, Ga(OH)g, is thrown 
out of the solutions of its salts by the alkalies as a white fkxxrolent precipitmte, readily 
soluble in an excess of the precipitant, but rather difficultly soluble m ammooium 
hydroxide. 

QalliuRi Chloride, GaG„ is produced on heating gallium in a atrrent of dikirine 
gas or in hydrogen chloride ; it forms large colorless crystals which fuse at 75^, soblime 
at about 60° and boil at 215-220^. Its vapor density above 440® corresponds to the 
formula GaCl,, at 270^ very closely to Ga^CI^. The chloride fumes and deliquesces in the 
air, like aluminium chloride, and decomposes in the evaporation of its aqueous solution. 

Gallium Nitrate, Ga(NO,)s, and Gallium Sulphate, Ga,(S04)„ are crystalline and 
very deliquescent The latter forms a double salt with ammonium sulphate — similar to 
the alums : 

Ga,(SOJ,.(NHJ,S04 -f 24H,0. 

Hydrogen sulphide only precipitates gallium from acetic add solutions. 

Gallium Dichloride, GaCI,, is also known. It results on heating the trichloride 
with metallic gallium. It consists of colorless crystals, melts at 164** and distils at 535^. 
Its vapor density at 1000° corresponds to the formula GaCl,. 



2. INDIUM. 

In = 114. 

Owing to its resemblance to zinc, indium was regarded as a bivalent metal, and its 
compounds were supposed to have the formula InX, ; this fixed its atomic weight at 75.6. 
The specific heat, however, made the atomic weight one and a half times as large (p. 
254.). Hence it is trivalent and its derivatives are constituted according to the fonn InX,. 
It belongs to the group of aluminium, and, in its derivatives, manifests some similarity to 
this metal. 

It was discovered, in 1863, by Reich and Richter, by the aid of spectrum analysis. 
Its spectrum is characterized by a very bright indigo-blue line, hence its name. It only 
occurs in very minute quantities in some zinc-blendes from Freiberg and the Hartz. 

It is a silver- white, soft and lenacxoxis irveVa\, ol s^wa^c ^jraNvv^ "v a**-* \v xs»sJcvs» >s^ 
176^ and distils at a white heat. Al ordAuafj Vemv««A>»^^*^"^'^^ ^^'^ t^xsxt^ \xv '^«. -«»% 




THALLIUM. 359 

boted, it bunia with a blue Dune lo indiuni oiide. ll is difEcultlj loluble in hydro- 
chloric uid sulphuric adds, but dissolves readily in nitric acid. 

Indium Chloride, InCl,, results Irom (he action of chlorine on metsllic indium, or 
upon a heated miiluce of indium oxide and carbon, ll sublimes in nhjtt, shining 
leaflets, which deliquesce in the air. Its vapor density at 600-800° corTes|Kinds to (he 
formula InClj, but above 840° it undergoes a gradual decomposition. It does not 
decompose when ils aqueous solution is evaporated. 

Indium Oxide, ln,0„ is a yeilow powder resulting Prom the ignition of (be 
hydroxide. 

Indium Hydroxide, In(OH),, is precipitated as a gelatinous mass, by alkalies, from 
indinm solutions. It is soluble in sodium and potassium hydroxides. 

Indium Nitrate, In(NO,)„ crys(alliies with three molecules of water, in white 
deliquescent needles. 

Indium Sulphate, In,(50,),, remains on evaporating a solution of indium in sul- 
phuric add as a gelatinous mass, with three molecules of water. It forms an alum with 
ammonium sulphate. 

Indium Sulphide, Tn,S,, is predfutaled by hydrogen sulphide as a yellow -colored 
compound from indium solutions. It combines lo sulpha-salts, ^. f,, InS. SK (from 
InO.OH) with Ihe sulphides of the alkalies. 

Indium also forms a dichloride and monochloride. 

Indium Dichloride, InCl,, is produced when metallic indium is beated in a current 
of hydrogen chloride. It is ■ white crystalline mass, which on exposure to a more 
intense heat becomes 1 yellow liquid and sublimes. Its vapor dea»(y at 1000-1400" 
corresponds to the formula InCl,, Water decompose* it at once into indium trichloride 
and metallic indium ; jInCI, = alnCl, + In. 

Indium Monocbloride, InCl, like gallium dichloride (p. 358), results when Ihe 
dichloride is heated with metallic indium. It is a crystalline, reddish-yellow mass, which 
has a reddish-black color when fused. Its vapor density at (100-1400° corresponds to 
the formula InCl. Water decomposes it into (be (richloride and metallic indium ; 
3lna = InCl,+ aIn. 



3. THALLIUM. 



Thallium is rather widely distributed in na(ure, but ir 
rare mineral crookesiU contains 17 per cent of the metal, 
and silver. It is often found with potassium in sylvi(e and cainalli(e, in mineral springs, 
and in some varieties of pyrite and linc-blendes. When these pyrites are roasted for the 
production of sulphuric add, according lo Ihe chamber process, the thallium deposits as 
soot in Ihe chimney and in the chamber dndge, and was discovered in Ihe latter, almost 
simultaneously, by Crookes (l86i) and Ijimy (18621, by mesnii of the spectroscope. 

To get Ihe thallium, the chimney-dust is boiled with water or sulphuric acid, and 
thallous chloride precipitated from ihe solution by hydrochloric acid. The chloride is 
then converted into sulphate, and the metal separated from the tatter by means of line or 
Ihe electric current. 

Thallium is a while metal, as soft as sodium, and has Ihe specific gravity it.S. It 
melts Bl 290°, and distils at a white heal. It oxidizes very rapidly in moist air. ll 
does not decompose water at ordinaiy temperatures. It is, therefore, best preserved 
under water in a closed vessel- By air access it gradually dissolves in the water, forming 
thalloos hydroxide and carbonate. Healed in the air it burn; with a beautiful green 
flame whose spectrum shows a very intense green line, hence the name thallium, from 
^ak7^, green. Thallium dissolves readily in sulphuric and nitric acids, but is only 
slightly attacked by hydrochloric acid, owing to the insolubilily of thallous chloride. 

Tbaltium forms Iwo series of compounds : thalloua. TIX, and thallic, TIX,. The 
first are very similar 10 the compounds of the alkalies (and also lo Ihose of silver). The 
aolabililfof (fie tiydrtuide and carbnitale in waVet s'no'ws ftva\ ft«iw «!i.'i*JMft \i».-i*. ■». 
alka]ing readha. Again, many thallous salts are iaonrorpViva ^\\\i Cm«« 'A 'jiAx's«.-»& 
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and form similar double salts (see Alums, p. 352). In the insolubility of its sulphur 
and halogen compounds, univalent thallium approaches silver and lead. 

In its compounds of the form TIX, thallium is trivalent, like aluminium^ but otherwise 
shows scarcely any similarity to the latter. 

Thallium compounds are poisonous. They are used in making thallium glass, which 
refracts more strongly than lead glass. 



THALLOUS COMPOUNDS. 

Thallous Oxide, T1,0, is formed by the oxidation of thallium in the air, or by heat- 
ing the hydroxide to loo**. It is a black powder which dissolves in water with formatioQ 
of the hydroxide. 

Thallous Hydroxide, Tl(OH), may be prepared by decomposing thallous sulphate 
with an equivalent amount of barium hydroxide, and crystallizes with one molecule of 
water in yellowish prisms. It dissolves readily in water and alcohol, yielding strong 
alkaline solutions. 

Thallous Chloride, TlCl, forms on heating, the metal in hydrochloric acid gas and 
is thrown down from solutions of thallous salts by hydrochloric add as a white, curdy 
precipitate, which is difficultly soluble in water. It separates in small crystals from the hot 
solution. It fuses at 427°, and boils at about 715^. Like potassium chloride, it forms an 
insoluble double salt with platinic chloride, PtCl^ . 2TICI. Thallous bromide forms a white, 
and Ihallaus ioduie a yellow precipitate. The latter is not soluble in potassium iodide. 

Thallous Sulphate, Tl^^O^, crystallizes in rhombic prisms, isomorphous with potas- 
sium sulphate. It dissolves in 20 parts of water at ordinary temperatures. It afiords 
double salts with the sulphates of the metals of the magnesium group, of ferrous oxide, 
of cupric oxide, etc. (p. 315), ^. ^m MgS04.Tl,S04 -f- 6H,0 ; these are perfectly similar 
and analogous to the corresponding double salts of potassium and anunonium. It 
forms thallium alum with the sulphates of the sesquioxides of the iron group, e. g.^ 
T1AI(S04)2 -h I2H,0 ; these are similar to potassium alum, KAUSO^), + I2H,0. 

Thallous Carbonate, Tl^CO,, is obtained from the oxide by the absorption of carbon 
dioxide ; it crystallizes in needles, which dissolve at ordinary temperatures in 20 parts of 
water. The solution has an alkaline reaction. 

Thallous Sulphide, TljS, is precipitated from thallous salts by hydrogen sulphide 
as a black compound, insoluble in water. 



THALLIC COMPOUNDS. 

Thallic Chloride, TICI3, is produced by the action of chlorine upon thallium or 
thallous chloride in water, and is very soluble in the latter. It decomposes at lOO® into 
thallous chloride and chlorine. The alkalies precipitate from its solutions thallic 
hydroxide, TIO.OII, a brown powder, which, at 100°, passes into thallic oxide, 
Tl^^^. Further heating decomposes the latter into thallous oxide and oxygen. 

The oxide and hydroxide are soluble in hydrochloric, nitric, and sulphuric acids, 
forming TlCl,, TllNO,),, Tl.fSO,),. 

On conducting chlorine through a solution of thallic hydroxide in potassium hydroxide, 
it assumes an intense violet color, due probably to the formation of the potassium salt of 
thallic acidy the composition of which is yet unknown. 




r THE FOURTH GROUP. 



METALS OF THE FOURTH GROUP. 

The elements of group IV in the periodic system (p. 346), 

Ti = 48. 1 Zt = 90.6 Ce = 140 Th = a8* 

C = la-oo Si = a8.4 

Ge = 7» Sn = 118.5 Pb = 306.9, 

show the same analogies that were observed with the members of group 
m CP- 345)- Tlieir character is, however, non-metallic; their deriva- 
tives are chiefly of the types MeX, and MeO,, of which the latter are 
acid (p. 35S). 

The first two elements, carbon and silicon, with low atomic weights, 
belong to the two small periods and are true metalloids. Their oxides and 
hydroxides are acid in nature. The first more basic sub-group comprises 
titanium, zirconium, cerium, and thorium. They constitute the fourth 
members of the large periods. Their compounds are almost exclusively 
of the type MeO,, arc very similar to the silicon derivatives, and are 
usually discussed (with the exception of cerium) with the metalloids after 
silicon (pp. 238, 355)- The other sub-group consists of more electro- 
negative heavy metals : germanium, tin, and lead. These constitute the 
transition from the elements in group III, corresponding to them, to those 
of group V ; 

Gb 70 Ge 71 As 75 

In 114 Sn iiS,; Sb I20 

Tl 104.1 Pb 306.9 Bi 30S.5. 

Their intermediate position accounts for their metallotdal character. In 
this group, as in all other groups, it is noticed that as the atomic weight 
rises (from germanium to lead) there is a successive rise in metallo-basic 
character. All three members form dioxides, 

GeO, SnO, PbO^ 

which may be viewed as anhydrides of the acids 

H,GeO, H,SnC^ H.PbO,. 

These are perfectly analogous to silicic acid, but their stability and acidity 
diminish as the atomic weights of their basal elements increase. 

Lead dioxide, PbO„ combines with bases (especially the alkalies), form- 
ing salts of plumbic acid, f.g-, potassium plumbate, K,PbO,. These are 
not very stable ; water decomposes them into their components. I>ead 
dioxide unites with difficulty with acids to yield salts. When digested with 
sulphuricaciditliberatesan atom of oxygen, and forms salts of lead mon- 
oxide, PbO. It yields chlorine with hydrochloric acid, but in the cold 
the unstable tetrachloride, PbCI,, can be obtained. In this respect lead 
dioxide resembles the peroxides, e.g., manganese peroxide, MnO„ and is 
commonly known as lead peroxide. However, the salts, Me,PhO,, PbCI,, 
and the organo-metallic compounds, such as Pb(CH,),, argue in favor of 
quadrivalent lead, and make it perfectly analogous to tin (p. a%S). 
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The elements of this group yield monoxide derivatives, 

GeO SnO PbO. 

These are commonly known as ous compounds. They are basic and 
only form salts with acids. The basicity and stability of their deriva- 
tives increase as the atomic weights rise. The gtrcoasious and stann^j 
compounds are readily oxidized to derivatives of the dioxide type, while 
lead monoxide, PbO, is a strong base, and forms very stable salts. 



1. GERMANIUM. 

Ge = 72. 

This element was discovered in 1886 by CI. Winkler, of Freiberg. As 
early as 187 1 Mendelejeff, with the periodic system as his basis, predicted 
the existence of an element with an atomic weight of about 73, which 
corresponded to the then existing gap between silicon and tin; he 
called it ekasilicon (the first analogue of silicon). The perfect agree- 
ment of the essential properties of germanium with those of the theoretical 
ekasilicon constitutes a brilliant confirmation of the law of periodicity 

(P- 357). 

Winkler discovered germanium in the very tare mineml, argjiodite. The latter is a 
double sulphide of germanium and silver, Ge,S . jAg^S. Penfield claims the formula 
GeS.^ . 4Ag^S for argyrodite as well as for confieldite. The first is monoclinic and the 
second isometric. It is also present in minute quantities in euxenite (together with 
titanium and zirconium) (Kriiss), in samarskite and frankSite. It may be separated from 
these minerals by fusing them with sulphur and soda. Sodium sulphogermanate is then 
produced, and it is soluble in water (p. 363). 

To obtain free germanium, its dioxide is heated in a current of hydrogen or reduced with 
carbon. The product is a dark-gray powder, which melts at 900^, and upon solidifying 
readily crystallizes into beautiful, grayish- white, metallic octahedra. Its specific gravity 
at 20° equals 5 469. Its specific heat was found equal to 0.0737 at lOO^, and at 440^, 
0.0757. Therefore, its atomic heat at 100° is 5.33 and at 440^, 5'45' I* increases very 
slightly (like those of aluminium and silicon) with rise of temperature and is a little less 
than the mean atomic heat (p. 254). 

Germanium is very stable in the air. When ignited it bums with the production of 
white vapors of germanium dioxide, GeO,. The metal (like silicon) is insoluble in hydro- 
chloric acid. Nitric acid converts it (like tin) into the hydrate of the dioxide. It is solu- 
ble in alkalies upon fusion. When heated in the non-luminous gas flame, germanium 
and its compounds do not impart a color to the same. Its spectrum can only be pro- 
duced by the action of the induction spark. 

Germanium, like tin, forms derivatives of the oxides GeO and GeO. ; the first are called 
germane//; compounds, the latter german;V, or derivatives of germamc acid. 



GERMANOUS COMPOUNDS. 

These are not very stable, and are readily oxidized to the higher form. 

Germanous Oxide, GeO, is formed when the hydroxide is ignited in a current of 
carbon dioxide. It is a grayish-black powder. Germanous Hydroxide, Gc(OH),, is 
precipitated as a yellow-colored compound upon the addition of caustic alkali to the solu- 
tion of the dichloride. It is soluble in hydrochloric acid. 
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Oermanoui Chloride, GeCL,h>5 not been obtaJned pure. It ii formed when hydro- 
chloiic iicid g»s acts upon healed gennanous sulpliide. 

Oennanoua Sulphide, (JeS, is > reddish -browD precipilate produced by die acliun of 
hydrogen sulphide upon ihe solulion of the dichloride. It may be oblained in grayish- 
blacli cryslals by healing gennanium sulphide in hydn^en gas. It is soluble in hM 
hydrochloric acid, forming the coirespooding chloride. 
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Gennaniutn Teuachloride, GeG„ is formed by the direct union of germanium with 
an eices5 of chlorine. The metal, when gently healed, bums in an atmosphere of chlo- 
rine, with a blniih color. When in powder form it inflames at the ordiniry temperature. 
The telrachloride is also produced if (he sulphide, (ieS,, be healed together with mercuric 
chloride. It ii ■ colorless, mobile liquid, of specific gravily i.Sij at 18°. It boils al 
86°. ll fumes strongly in moist air, and is decomposed by water into hydrochloric acid 
and germaaic hydroxide, Ge(UH),. It is not decomposed by concentraled sulphuric 
acid. Its vapor density, from 300-740'', corresponds to the molecular formula, GeCl.. 

Qermanium Chloroform, GellCI,, corresponding to ordinary chloroform, CHCI, 
(lee p. 159), is produced when metallic germanium is heated in a current of hydrochloric 
acid gas. It is a mobile liquid, boiling at about 71°. lis vapor density approximales 
the molecular formula GellCI,. It becomes cloudy on exposure lo the air, and colorles*, 
oil; drops of Oermanium Oiychloride, GeOCI, (?), separate. 

Qemiknium Bromide, GeBrj, is a strongly fuming liquid, which solidifies al 0° lo a 
crystalline mass. 

Germanium Iodide, Gel,, results upon heating germanium chloride with poiasiium 
iodide, or more readily by conducting iodine vapor over healed and finely divided melal. 
Il is an orange-colored solid, melting at 144°, and boiling al 400°. 

Germanium Dioxide, GeO,, germanic anhydride, is farmed u)M>n roasling (he melal 
or Ihe disulphide, or by Ireatlng the latter with ni(ric acid. It is a stable, wbi(e jxiwder, 
of specific gravity 4. 70 a( 18°. It is slightly soluble in water () pari in 95 parts a( 100°) 
and imparts to the latter an acid reaction. Germanic Hydroxide, Gc(OH)„ or 
GeO(OlI),, OcTmanic Acid, is produced by directly transposing the chloride with 
water. It has not been obtained perfectly pure, as it loses more or less water. Ijke 
silicic acid, it la wholly acid in its chancier, and only forms sails with bases. It is 
soluble in the hydroxides and carbonates of the alkalies, especially on fusion, while il is 
klmost insoluble in adds. 

Ocrrcanic Sulphide, GeS,. Concentrated hydrochloric acid or sulphuric acid will 
precipitate it {torn solutions of its >u1phD-SBtts. Il is also formed when hydrogen sulphide 
It conducted through strongly acidulated solutions of Ihe oxide. It is a white, voluminous 
precipitate, insoluble in acids, but readily soluble in water. If the precipitate is washed 
with water il dissolves. It is reprecipitated by acids, especially if hydrogen sulphide he 
conducted through the solution. The sulphide dissolves readily in the fixed alkaline 
hydroxides and ammonia. It forms ^w<^i?-salls with the alkaline sulphides. These are 
perfectly analogous to the sulpho-slannates. Argyrodite is an example of this class, 
AfeGe^ + iAg,S (p. 36a). 

2. TIN. 

Tin {Stannum) occurs in nature principally as dioxide (casRtterite, tin- 
stone) on the Malay Peninsula, in the islands of Banca and Bilitung, 
and in England (Cornwall), Saxany, India, and in Australia. To pre- 
pare the metal the oxide is roasted, lixiviated, and heated in a furnace 
with charcoal : 

SnO, + aC = So + iCO. 
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Thus obtained, it usually contains iron, arsenic, and other metals; to 
purify it the metal is fused at a low temperature, when the pure tin flows 
away, leaving the other metals. The tin obtained in the East Indian 
isles is almost chemically pure, while that of England and of Saxony con- 
tains traces of arsenic and copper. 

Tin is an almost silver-white, strongly lustrous metal, with a specific 
gravity of 7.3. It possesses a crystalline structure; and when a rod of 
it is bent it emits a peculiar sound (tin cry), due to the friction of the 
crystals. Upon etching a smooth surface of tin with hydrochloric acid, 
its crystalline structure is recognized by the appearance of remarkable 
striations. At low temperatures perfectly pure compact tin passes grad- 
ually into an aggregate of small quadratic crystab. The metal is tolera- 
bly soft, and very ductile, and may be rolled out into thin leaves (tin-foil). 
It becomes brittle at 200^, and may then be powdered. It fuses at 231^, 
and distils at a white heat (about 1700°) ; it burns with an intense white 
light when heated in the air, and forms tin dioxide. It does not oxidize 
in the air at ordinary temperatures, and withstands the action of many 
bodies, hence is employed in tinning copper and iron vessels for house- 
hold use. 

The most interesting of the tin alloys, besides bronze and soft solder, 
is britannia metal. It contains 9 parts of tin and i p>art of antimony, 
and frequently, also, 2-3 per cent, of zinc and i per cent, of copper. 

Tin dissolves in hot hydrochloric acid, to stannous chloride, with 
evolution of hydrogen gas : 

Sn -f 2Ha = SnCl, + 2H. 

Concentrated sulphuric acid, when heated, dissolves tin, with forma- 
tion of stannous sulphate. 

Nitric acid, depending upon the temperature and the concentration of 
the acid, forms soluble stannous nitrate or solid stannic nitrate, which 
separates and is converted by the increasing dilution of the acid or by 
hot water into a basic salt and stannic acid. Different stannic acids 
result in accordance with the conditions of experiment. Anhydrous 
nitric acid, HNO,, does not change tin. It dissolves when boiled with 
potassium or sodium hydroxides, forming stannates: 

Sn -I- 2KOH + 11,0 = K.SnO, -}- 2H,. 

There are two series of compounds : the stannous, and stannic or com- 
pounds of stannic acid. The first readily oxidize to stannic compounds. 



STANNOUS COMPOUNDS. 



Tin Dichloride or Stannous chloride^ SnCl,, results when tin dissolves 
in concentrated hydrochloric acid. When its solution is evaporated it 
crystallizes with two molecules of water (SnCl, -f 2HjO), which it loses at 
100°. It is used in dyeing, as a mordant, under the name of tin salt. 
The anhydrous chloride, obtained by heating the metal in dry hydro- 
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chloric acid gas, fuses at 350° and distils without decomposition at 606°. 
Its vapor density at 900° agrees with the formula SnCI,, while at lower 
temperatures the molecules Sn,CI, also seem to exist. 

Stannous chloride dissolves readily in water. Its solution is strongly 
reducing, and absorbs oxygen from the air with the separation of basic 
Stannous chloride: 

3SC1CI, + O + H,0 = 3Sn<^'[^ + SnQ,. 

In the presence of hydrochloric acid, only stannic chloride is pro- 
duced. Stannous chloride precipitates mercurous chloride or metallic 
mercury from solutions of mercuric chloride (p. 335)- It uniies with 
chlorine to form stannic chloride, and with many chlorides to yield 
double salts, e. g. : 

SnO, . IKCI «nd Sna, . aXH.Q. 

It is decomposed by concentrated hydrochloric acid with evolution of 
hydrochloric acid gas. 

Tin Monoxide or Slanaous oxide, SnO, is obtained by heating its 
hydroxide, Sn(OH),, in an atmosphere of carbon dioxide; itisa blackish- 
brown powder, which burns when heated in the air, and l>ecomes sianaic 
oxide. Sodium carbonate added to a solution of stannous chloride pre- 
cipitates white 

Stannous Hydroxide, ttanno-hytirate, Sn(OH), : 

SoCI, + N^CO, + H,0 = Sn(OH), + sNiQ + CO,. 



It is insoluble in ammonium hydroxide, but is readily dissolved by 
potassium hydroxide. Upon slow evaporation of the alkaline solution, 
dark crystals of stannous oxide, SnO, separate ; but, on boiling the solu- 
tion, the hydrate decomposes into potassium stannate, K,SnO„ which 
remains dissolved, and metallic tin : 

aKjSnO, + H,0 ^ K.SnO, -J- 2KOH + Sd. 

The hydroxide forms salts by its solution in acids. Stannous (kioride, 
SnCI], and stannous sulphate, SnSO,, are formed when tin is warmed with 
concentrated hydrochloric or sulphuric acid. The sulphate separates in 
small, granular crystals, when its solution is evaporated. 

Tin HoDOsulphide, Stannous sulphide, SnS, is precipitated from 
stannous solutions by hydrogen sulphide, as a dark-brown amorjihous 
precipitate. Obtained by fusing tin and sulphur together, it is a lead- 
gray crystalline mass. It dissolves in concentrated hydrochloric acid, 
with liberation of hydrogen sulphide, and forms stannous chloiide. It 
is insoluble in alkaline monosulphides, but, if suljihur tw added and the 
solution boiled, it will dissolve as a sulpho-st annate (p. 367) : 

SdS-I-Sh- K,S=K,SnS,. 
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Tin Tetrachloride, Stannic chloride y SnCl^, is produced by the 
action of chlorine upon heated tin or stannous chloride (sec Loreoz, 
Z. f. anorg. Ch. 10 (1895) 44)- ^^ ^^ * colorless liquid (Spiritus fumans 
Lidavii), fuming strongly in moist air, of specific gravity 2.27, and boil- 
ing at 114°; its vapor density corresponds to the molecular formula, 
SnCl^. It attracts moisture from the air and is converted into a crystal- 
line mass (butter of tin), SnCl^ + S^iO, readily soluble in water. 
Boiling decomposes the solution into metastannic acid (H,SnO,) and 

hydrochloric acid : 

SnCI^ + 3H,0 = HjSnO, -f ^Ua. 

Stannic chloride possesses a salt-like nature, and combines with metallic 
chlorides to the so-called double salts, /. g., SnC1^.2KCl and SnCl^.- 
2NH^C1 ; the latter compound is known as pink salt and is used in calico 
printing. It also yields crystalline double salts with chlorides of the 
metalloids, e, g., SnCl^.PClj and SnCl4.2SCl^. It is not attacked by 
even hot concentrated sulphuric acid. 

Tin tetrachloride combines with hydrochloric acid, forming H,SnCl. -\- dH^O, anak}- 
gous to the chlorplatinic acid, H^PtCI, -{- 6H.0. It is formed when hydrochloric acid gas 
is conducted into a concentrated solution of tin tetrachloride in water. In the cold it 
solidifies to a leafy crystalline mass, melting at -|-9^* These double compoands can also 
be regarded as salts of hydrochlorstannic acid, e. ^., (NH^),SnCL. 

Tin Bromide, SnBr^, forms a white, crystalline mass tfaiat melts at 30° and boils at 
200°. It unites with hydrogen bromide, forming H^SnBr, -\- SH^O, crystallizing in 
yellow needles and plates. 

Tin Iodide, Snl^, formed upon heating tin and iodine at 50^, consists of orange-red 
octahedra, fusing at 146° and boiling at 295°. A solution of tin iodide in arsenic 
tribromide (p. 146) has the specific gravity 3.73 at 15° ; it is therefore the heaviest solu- 
tion specifically of which we have knowledge. 

Tin Fluoride, SnFl^, is only known in combination with metallic fluorides {e. j^.^ 
K.^SnFljj), which are very similar to and generally isomorphous with the salts of hydro- 
fluosilicic acid (KjSiFlj). 

Tin Dioxide, Stannic oxide, SnO,, is found in nature as tin-stone or 
cassiterite, in quadratic crystals or compact, brown masses, of si^cific 
gravity 6.8. It is prepared, artificially, by heating tin in the air, and it 
then forms a white amorphous powder, or long, rhombic leaflets. It 
may be obtained crystallized, by conducting vapors of the tetrachloride 
and water through a tube heated to redness. The dioxide fuses in the 
electric furnace, and is not soluble in acids or alkalies. When fused with 
sodium and potassium hydroxide it yields stannates soluble in water. 

The dioxide forms two hydrates — the stannic acids, H^SnO, and 
H^SnO^ — corresponding to the hydrates H^COj, H^SiO, and H^CC)^ and 
H^SiO^ (p. 226). Each of these two acids is known in two varieties 
which differ very much from one another in their deportment. This 
double appearance of similarly constituted stannic acids was the first 
instance of isomerism fp. 87). Berzeliiis (181 1) observed it, but he did 
not comprehend its fuU impoil wwu\ ^^.^veT (^v^\i^ vV^ \\\n^'?s\:\^;!iX\vnn\'?.^\ 
Davy and Gay Lussac had been made. TXtv ^tvd muxc ;^o^ ^'s. ^^^>&r. 




gravity 1.35 yield stannic nitTate and the fi- or melastannic aeid, of the 
formula H^nO, or H^SnO,, depending on its method of preparation. 
It is white, voluminous and insoluble in acids. It only dissolves when 
freshly made in sodium hydroxide. An excess of soda precipitates 
sodium metastannate from this solution ; it dissolves in pure water. 

The acid upon which hydrochloric acid has beer poured dissolves in pure 
water. Sulphuricacid reprecipitates il. a-Stannic acid — also HjSnO, or 
HjSnO, — is precipitated as a voluminous while powder on the addition of 
alkali to solutions of the tetrachloride or bromide which have not stood 
too long. It dissolves readily while moist in mineral acids and in sOdiuni 
hydroxide, even when the latter is in excess. Both acids separate on 
healing their dilute hydrochloric acid solutions or upon the addition of 
ammonia water. The presence of tartaric acid prevents the precipitation 
of the a-acid by ammonia. The a-acid in hydrochloric acid solution 
gradually passes into the /S-acid (Lorenz, Z. f. anorg, Ch. g (1895), 368). 
The reason for this first observed case of isomerism has not l>cen explained. 

Most of the salts of stannic oxidewith acids, t.g , the sulphale, are not 
very stable, and washing with warm water decomposes Ihem. The phos- 
phate and arsenate are exceptions. They are insoluble in water and in 
nitric acid, which is of importance in analysis. The metallic salts of the 
stannic acids are more stable. The most imjrartant of these is a-sodium 
stannaU, Na,SnO, + 3^,0, which is employed in calico printing under 
the name of preparing salts. It is produced upon a large scale by fusing 
tin-stone with sodium hydroxide. On evaporating the solution, it crystal- 
lizes in large, transparent, hexagonal crystals. 

Tin Disulphide, Stannic sulphide, SnS,, is precipitated as an amor- 
phous yellow powder by hydrogen sulphide from acid solutions of stannic 
salts. If a mixture of tin filings, sulphur, and ammonium chloride be 
heated it is obtained in the form of a brilliant crystalline mass, consist- 
ing of gold-yellow scales. It is then called mosaic gold, and is applied in 
bronzing. Concentrated hydrochloric acid dissolves the precipitated di- 
sulphide, forming stannic chloride ; nitric acid converts it into metasian- 
nic acid. The sulphides and hydrosulphides of the alkalies dissolve tin 
disulphide, forming stilphos tan n ales (see p. 2a3)- Sodium sulpkostannaft, 
Na^nS, -)- aH,0, crystallizes in colorless octahedra. Acids decompose 
the sulphostan nates with the separation of tin disulphide and the evolu- 
tion of hydrogen sulphide. Freshly precipitated tin disulphide dissolves 
rather readily in aqueous ammonia forming a red liquid which becomes 
colorless after standing in the air for some time. From this solution acids 
precipitate a white tin oxysulpkide, SnS, -j- SnSO, soluble in aqueous am- 
monium carbonate. 



Lead (Pbtmhum) is found in nature principally as galeniU, PbS. The 
other more widely distn'huted lead ores are cerussite '¥'V.CC>i, crotoxiWi 
(PbCrOJ, wm^enite (PbMoO.) ; also pyromor^mt, ^\^\» -V ■5^^^i?'^'^■.- 
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+H,0; angUsite, PbSO^, and boumonite, PbS.Sb,S,. The countries of 
importance in the industry of lead are the United States, Spain, Ger- 
many, Great Britain, and New South Wales. Galenite is the chief source 
of lead ; the process of its separation is very simple. The galenite is 
first roasted in the air and then strongly ignited away from it. In the 
roasting, a portion of the lead sulphide is oxidized to oxide and sulphate : 

PbS -h 3O = PbO + SO, 

and 

PbS+ 04 = PbS04. 

Upon ignition, these two substances according to Percy react with the 
lead sulphide according to the following equations: 

2PbO -j- PbS = 3Pb + SO, 
and 

PbSO^ + PbS = 2Pb + 2SO,. 

Galenite may also be fused with iron : PbS -f Fe = FeS + Pb. Iron 
sulphide, containing lead sulphide, is used in making sulphur dioxide for 
the lead-chamber process. The resulting work- lead is contaminated with 
nearly all the metals which occur in ores. They are eliminated by rather 
complex methods. 

Pure metallic lead has a bluish-white color,, is very soft, and tolerably 
ductile. A freshly cut surface has a bright luster, but on exfkjsure to air 
becomes dull by oxidation. Its specific gravity is 11.37. It melts at 
about 300°, and distils at a white heat (about 1700°). It burns to lead 
oxide when heated in the air. 

In contact with air and pure water lead oxidizes to lead hydroxide, 
Pb(0H)2, which is somewhat soluble in water. If, however, the water 
contain carbonic acid and mineral salts — even in slight quantity, as in 
natural waters — no lead goes into solution, but it is covered with an 
insoluble layer of lead carbonate and sulphate. When much carbon 
dioxide is present the carbonate is somewhat soluble in water. This 
behavior is very important for practical purposes, as lead pipes are fre- 
quently employed in conducting water. Lead also dissolves in ammonia 
and lime-water in the presence of air. 

Sulphuric and hydrochloric acids have little effect on the compact 
metal, owing to the insolubility of its sulphate and chloride ; yet, if the 
lead be in the form of powder, both acids will dissolve it. It forms lead 
nitrate with dilute nitric acid. Zinc, tin, and iron precipitate it, as 
metal, from its solution ; a strip of zinc immersed in a dilute solution of 
lead acetate is covered with an arborescent mass, consisting of shining 
crystalline leaflets (lead tree). 

Alloys. — An alloy of equal parts of lead and of tin fuses at 186^, and is 
used for soldering (soft solder). An alloy of 4-5 parts of lead and i part 
of antimony is very hard, and answers for the manufacture of type (hard 
lead or type-metal). Shot are lead containing 0.2-0.35 per cent, of 
arsenic. 

The usual lead compounds are coY\s.\.\\.w\.^d2ieeo\4\Tv%\,oxV^v^^^^ViY^^ 
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and are caXXtd p/umbic (p. 357). Many of the lead salts are isomorphous 
with those of barium ; the sulphates of both metals are insoluble in water. 
In addition to the salts of the type PbX, lead also forms that of the type 
PbX^, which are, however, very unstable. 

Lead Oxide, PbO, is produced when lead is heated in air. It melts 
at a red heat and after fusion it solidifies to a reddish-yellow mass of 
rhombic scales (litharge). When lead is carefully roasted, or the hydrox- 
ide or nitrate ignited, we obtain a yellow amorphous powder called mas- 
sicot. Lead oxide hasstrong basic properties ; it absorbs carbon dioxide 
from the air, and imparts an alkaline reaction to water as it dissolves as 
hydroxide. Like other strong bases it saponifies fats (lead plaster). It 
dissolves in hot potassium hydroxide, and on cooling crystallizes from 
solution in yellow rhombic or red tetragonal forms, depending upon 
existing conditions [Geuther, Ann. Chem. 219 (1883), 5^]' 

Lead Hydroxide, Pb(OH),. Alkalies throw it out of lead solutions 
as a white, voluminous precipitate. 

It dissolves slightly in water, and absorbs carbon dioxide with forma- 
tion of lead carbonate. When heated to 130° it decomposes into lead 
oxide and water. It is soluble in caustic potash or soda. 

If lead or the amorphous oxide be heated to 300-400°, for some time, 
in the air, it will absorb oxygen and be converted into a bright red pow- 
der, called red lead, or minium. Its composition corresponds to the 
formula Pb,0^; it is considered a compound of lead monoxide with lead 
peroxide : 

PbjO^ = 2PbO -I- PbO,. 

When minium is treated with dilute nitric acid, lead nitrate passes into 
solution, while a dark-brown amorphous powder, lead peroxide, PbO„ 
remains. 

This oxide is more conveniently obtained by the interaction of lead 
carbonate and sodium hypochlorite, e, g., if a solution of lead acetate be 
mixed with an excess of sodium carbonate and chlorine be conducted 
into the pasty mass : 

PbCO, -f- Na,CO, + CI, = PbO, + iNaQ -f 2CO,. 

Lead peroxide dissolves in ice-cold concentrated hydrochloric acid to 
a reddish -yellow liquid containing lead teirathloride, PbCl^. 

Oxygen is disengaged when sulphuric acid acts upon it, and lead sul- 
phate (PbSO^) is formed. When dry sulphur dioxide is conducted over 
it, glowing sets in and lead sulphate results : 

PbO, -h SO, = PbSO^. 

When ignited lead dioxide breaks down into lead monoxide and 
oxygen. 

Lead dioxide, when wanned with potassium hydroxide, dissolves, and on cooling, 

large crystals of potassitim plumbate^ K,PbO, 4- S^'t^. separate out ; these are perfectly 

analogous to potassium stannate, K^SnO, 4- 3H,0. An alkaline lead oxide solution 

added to a solution of potassium plumbate produces a yellow precipitate ^Pb^O^ -f Hs^)* 

24 
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which loses water upon gentle warming, and is converted into red lead. Tberefbve, the 
latter must be considered as the lead salt of a normal plumbic add, Pb(OH)^ which cm- 
responds to stannic, Sn(OH)^, and silicic, Si(OH)^, acids : 

PbjO^ = PbjPbO^. • 

The calcium salt,— calcium orthoplumbate, Ca,PbO^« — is produced upon ignitiDg lead 
peroxide with lime or calcium carbonate, or when lead oxide and lime are heated with 
air access, i. e.y the absorption of oxygen. It is a yellowish-red substance, which breaks 
down when heated in carbon dioxide into lead oxide, calcium carbonate and oxjrgeo : 

CajPbO^ -f- 2CO, = PbO -f- 2CaC0, -f- O,. 

The resulting mixture of lead oxide and chalk regenerates calcium plumbate when it is 
heated in an air current (Kassner*s oxygen method). 

Lead peroxide and other oxides of lead play an important part in charging accumulators 
with electricity. In the process of charging the lead oxide at the negative plate is decom- 
posed into lead and oxygen, while at the ix>sitive pole it absorbs oxygen and becomes 
peroxide. In discharging these changes are reversed. 

Another oxide, Pb203, which is precipitated as a reddish- yellow powder on the addi- 
tion of sodium hydrochlorite to an alkaline lead solution, is very probably the lead salt of 
metaplumbic acid, H-PbO, : 

Pb,0, = PbPbO,. 

Nitric acid decomposes it into lead nitrate and peroxide. It dissolves in cold hydro- 
chloric acid without liberation of chlorine ; this gas escapes, however, when the solotioo 
is heated. 

Lead Tetrachloride, PbCl^, was prepared by H. Friedrich in 1893 
[Monats. f. Ch. 14, 505]. It is formed on adding lead peroxide to cold 
concentrated hydrochloric acid, or upon conducting chlorine into con- 
centrated hydrochloric acid containing lead chloride in solution or in 
suspension. On adding ammonium chloride to the clear liquid the 
double salt, PbCl^. 2NHCI, separates in yellow isometric crystals. It is 
decomposed, when added to ice-cold concentrated sulphuric acid, into 
ammonium sulphate, hydrochloric acid and lead tetrachloride, which 
collects under the sulphuric acid in the form of a yellow oil. 

Lead tetrachloride becomes crystalline at — 15°. It decomposes gradu- 
ally at the ordinary temperature into lead chloride and chlorine. The 
decomposition is explosive at 105° ; its specific gravity at 0° is 3.18. It 
fumes in moist air. It is soluble in water. Concentrated solutions when 
warmed liberate chlorine and lead chloride separates ; in dilute solutions 
lead peroxide is precipitated. Sodium and potassium hydroxides act 
similarly. The group similarity with carbon, silicon, germanium and 
tin expresses itself in this chloride ; the chlorides of these other members 
are liquids at the ordinary temperature. 

Lead Chloride, PbClj, separates as a white precipitate, when hydro- 
chloric acid is added to the solution of a lead salt. It is almost insoluble 
in cold water; from hot water, of which it requires 30 parts for solution, 
it crystallizes in white, shining needles. It melts at about 500° and solidi- 
fies to a horn-like mass. It is volatile at a white heat ; its vapor density 
corresponds to the formula PbCI,. 

Lead Iodide, Pbl,, is thrown down as a yellow precipitate from lead 
solutions by potassium iodide ; it crystallizes from a hot solution in shin- 
\ngy yellow Jeaflets, melling at 3^^^. 1^ '\^ dx^oAxX^ ^OcsjJoX^ Ycv^^\fc\, 
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Lead tetraiodide, Pbl^, and tetrabromide, PbBr^, are known in the fonn of double 
salts with salts of organic bases (Classen and Zahorski). 

Lead Nitrate, P^NO,),, obtained by the solution of lead in dilute 
nitric acid, crystallizes in regular octahedra (isomorphous with barium 
nitrate) and dissolves in two parts of water at the ordinary temjierature. 
It melts at a red heat, and is decomposed into lead monoxide, nitrogen 
dioxide, and oxygen. When boiled with lead oxide and water, it is con- 

NO 

verted into the basic nitrate, Pb<QTT*> which separates in white needles. 

Lead Sulphate, PbSO^, occurs in nature as anglesiU, in rhombic 
crystals, isomorphous with barium sulphate. It is precipitated from lead 
solutions as a white crystalline mass by sulphuric acid. It dissolves with 
difficulty in water, more readily in concentrated sulphuric acid, very easily 
in concentrated sodium hydroxide (distinction from barium sulphate). 
When ignited with carbon, it is decomposed according to the following 
equation : 

PbSO^ -f 2C =r PbS -f 2CO,. 

Lead Carbonate, PbCO^, occurs as cemssite in nature. It is pre- 
cipitated by ammonium carbonate from lead nitrate solutions. Potassium 
and sodium carbonates precipitate basic carbonates, the composition of 
which varies with the temperature and concentration of the solution. 
A similar basic salt, whose composition agrees best with the formula : 

2PbCO,.Pb(OH),» 

is prepared on a large scale by the action of carbon dioxide upon lead 
acetate. It bears the name white lead. 

White lead was formerly manufactured by what is known as the Dutch process. leaden 
plates rolled up into a spiral were moistened in earthenware pots with acetic acid, and (hen 
covered with manure and permitted to stand undisturbed for some time. In this way the 
action of the acetic acid and air upon the lead produced a basic acetate, which the carbon 
dioxide, evolved from the decaying manure, converted into basic lead carbonate. At 
present it is prepared by dissolving litharge in acetic acid, and converting the resulting 
basic acetate into a carbonate by conducting carbon dioxide into it. 

White lead is employed for the manufacture of white oil colors. As it is poisonous, 
and blackened by the hydrogen sulphide of the air (formation of lead sulphide), it is 
being replaced more and more by zinc white and permanent white (BaSO^). 

Lead Sulphide, PbS, occurs crystallized in metallic, shining cubes 
and octahedra. Hydrogen sulphide precipitates it as an amorphous black 
powder. It is insoluble in dilute acids. Hydrogen sulphide precipitates 
red chloro-sulphide, PbS . PbCl,, from solutions of lead salts containing 
much strong hydrochloric acid. 

The soluble lead compounds are very poisonous. They have a sweet- 
ish, astringent taste. They are readily recognized by the following reac- 



*Its chemical stmctnre may be expressed by the following fonnula : 

HO-Pb-CO,-Pb-COa-Pb-OH. 
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tions : sulphuric acid precipitates white lead sulphate, which is soluble 
in sodium hydroxide ; from this solution hydrogen sulphide precipitates 
black lead sulphide. Potassium iodide precipitates yellow lead iodide. 



4. BISMUTH. 

Bi = 208.5. 

Bismuth constitutes a natural group with antimony, arsenic, phosphorus 
and nitrogen. We observed that, with increase of atomic weight, the 
metalloidal character of the lower members becomes more metallic ; the 
acid nature of the oxides becomes basic. ^Antimony oxide (Sb,0,) is a 
base, while the higher oxide, Sb^O^, represents an acid anhydride. In 
bismuth, the metallic nature attains its full value. This is manifest in 
its inability to unite to a volatile compound with hydrogen and in the 
basic oxyhydrate BiO(OH). B ismuth tri oxide is.a base, and the pent- 
Qxidc possesses a very feeble acid cha racter ; the latter behaves more like 
a metallic peroxide. 



Bismuth usually occurs native, and in c ombination with sulphi 
bismuthinite ; with tellurium as tetradymite; also d& bismuifi ocher^ Bi^O,, 
and in many cobalt, nickel and silver ores. 

Bismuth is obtained principally from Saxony, and in London from Bolivian and Aus- 
tralian ores. In Saxony the roasted ores are extracted with concentrated hydrochloric 
acid, and the solution then diluted with water, when the oxychloride is precipitated. It 
is redissolved in hydrochloric acid and freed from iron by precipitation with water, and 
then melted, together with coal, lime, and slag, in graphite crucibles to obtain the 
bismuth. 

CTo obtain the metal, the sulphide is roasted in the air, and the result- 
ng oxide reduced with charcoal. 

Bismuth is a reddish-white meta l, of specific gravity 9.9. It is brittle 
and may be easily pulverized . It crystallizes in rhombohedra. It fuses 
at 265° and distils at a white heat (about 1300^). It does not change in 
the air at ordinary temperatures. When heated it burns to bismuth 
oxide, BijO,. It is i nsoluble in hydrochloric acid, but dis^ ^plves in boil - 
ing sulphuric acid with formation of sulphate of bismuth, and the evolu- 
tion of sulphur dioxide Nitric acid dissolves it readily in the cold . 

Water decomposes bismuth solutions in the same manner as those of 
antimony; insoluble basic salts are precipitated, but these are not dis- 
solved by tartaric acid (distinction from antimony). 

Bismuth Chloride, BiClj, arises from the action of chlorine upon 
heated bismuth, and by the solution of the metal in aqua regia. It is a 
white crystalline mass^ which fuses at 220® and boils at about 447®. It 
deHqnesces in the air . Water renders its hydrochloric acid solution turbid, 
a white, crystalline precipitate of bismuth oxychioridg, BiOCl, separating 
at the same time : 

BiClj -f- H,0 = BiOCl -f- 2HCI. 

T he m etalloidal character of bismulVv \s \T\d\c^\.^d V>n 0^\^ \^^ct\otL> 
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The cumpountlfl BiBr, (otanyi;-> ellow) and Bil, (black or dark ttiuwn} ;* 
are very similar lu bismuth chloride. All three comiiine with iiianyuc.^ 
metallic haloid salts to form double halogen derivatives. /S^^ 

Halogen derivaiiveH of qiiinqiiivalent bisnmth are imkiiowii. -^Gij 

bismuth Uxide, Bi,U,, prepared by burning bismuth or heating the 
nitrate, is a yellow (luwder, insoluble in water and the alkalies. 

Normal btsmutb hydroxide, Bi(OH),, is not known in a free staw. J 
I'uia^dium hydroxide added lo a bismuth solution precipitates a white 
a.nurphoiis w^/a^/rf^-i/c, BiO.OH. 

Chlorine conducted through a concenlraled polassjum hydroxid gjaluJ 
lion in winch tnsiHuni oxide is aiLS | >ended nrJcijiitates red biirmithi^ B 
aci d (HBiO. or H.Bi.O.), which, when genii y heated, becomes Bi . o jf 
hismuthk 0x1 Je. Strona ienition ccmvftTis Ih p l^"pr intu liismtil h tri^l 
oxide and oxygen ; hydrochloric acid dissolves it lo bismuth chlorid<vl 
with lil.ieration of chlorine. J 

Bismuth Nitrate, Bi( NO,),, is obtained by Ihe solution of bismuth I 
in nitric acid, and crystallizes with live molecules of watcrin large, trans- ( 

parent tables. In a lillh- waier it diwnlnfS witlmnt <ny t- hnng^ ; murh 

water renders it tu rbid. owiii(; t o the precipitation of white, rurdy hasjp 

f NO, fxo,^ 

salts : Bi \ NO, and Bi \ OH, The precipitate is employed in medicine • 

" — (oh (_0H J 

under the name of Bismuthum subnitrimm {iuhmtrate). It frequently con- 1 
tains tellurium. \ 

Bismuth Sulphate, Bi,(SO,)„ is formed when bismuth dissolves in 
sulphuric acid. It crystallizes in delicate needles. Bismuth Sulphide, 
Bi,S,, occurring as bismulhinite, is ihrown down as a black nrecipitate 
from liisiDUth solution-; by hvrtrofpn sulphide. Unlike anliinoiiy and 
arsenic sulphides, it does not form sulpho-salLs. 

The allnys of bismuth are nearly all readily fusible. An alloy of 4 , 
parts of bismuth, i part of cadmium, i part of tin, and 2 [>artsof lead, fnsea 
at 65" (Wood's metal). The alloy of 9 parts of bismuth, i pari of lead 
md t part of tin (Rose's metal) fuses at 94°. 
Alkaline stannous solutions precipitate metallic bismuth from solutions 
r its salts : 

aBiO.OH +3K,SnO, ^ aBi + jK.SnO, + H,0. 



CHROMIUM GROUP. 

We observed that a group of more melallie analogous eleiitcnls : 

i^ircuniiim and thorium attached itself to the metalloidal elements, 
n, silicon and tin (|i. 1,18} 1 and further that their wa.s an analogous 
I of more metallic elements ; vanadium, niobium and tantali 
Ktes|>onding to the metalloidal group of phosphoms (p. 116). ' 

ncct a group of metals, consisting of chromium, motylKlenum, tungsten, 
md ;>robflb)j' uranium, that bears a like lelauon \q V\\e «\e,mKWa, «S. ** 1 
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sulphur group (see Periodic System of the Elements). The resemblance 
of these elements to sulphur and its analogues is plainly manifest in their 
highest oxygen compounds XO,, and their derivatives (see also Man- 
ganese). As the elements of the sulphur group in their highest oxygen 
compounds are sexivalent, so chromium, molybdenum, tungsten and 
uranium form acid oxides : CrO,, MoO,, WO„ UO,. Many of the salts 
corresponding to these are very similar to and isomorphous with the salts 
of sulphuric acid. Sodium chromate, hke sodium sulphate, crystallizes 
with ten molecules of water ; the potassium salts of both groups form iso- 
morphous mixtures; their magnesium salts, as well as that of tungstic 
acid, have the same constitution : 

MgSO^ + 7H,0 and MgCiO^ 4- 7H,0. 

Corresponding to the acid oxides are the chlorine derivatives : 

S0,C1„ CiO,Cl^ MoO,a^ M0OCI4, WOa^ and WO., 

which are perfectly analogous, so far as chemical ^portment is con- 
cerned. 

The most important basic oxide of chromium is its sesquioxide. This 
affords salts with the acids, and they are perfectly similar to those of the 
sesquioxides of iron (Fe,0,), manganese (Mn,0,), and aluminium (AI,OJ 

(P- 330)- 

II 

Finally, compounds of chromium, CrX,, are known in which the metal 
figures as a dyad. These so-called chromous compounds are very unstable, 
and are oxidized by the air into chromic compounds. In this respect 
they also resemble the ferrous derivatives FeX, (p. 398). 

Chromium compounds containing more oxygen than the chromates are 
found in the salts oi per chromic acid ; however, nothing definite is known 
of their constitution at present. The same is true of tungsten and molyb- 
denum (pp. 381, 383, 384). 

Salts of molybdenum and tungsten, corresponding to the states of 
lowest oxidation, are not known, because these metals occur as hexads 
in most of their derivatives. Uranium, which has the highest atomic 
weight of the group, shows some variations from its analogues. 



1. CHROMIUM. 

Cr = 52.1. 

Chromium is found principally as chromite in nature. This is a com- 
bination of chromic oxide with ferrous oxide, Cr,0, . FeO, and occurs in 
North America, Sweden, Hungary, and in large quantities in the Urals. 
Crocoisite, or lead chromate (PbCrO^), is not met with so frequently. 
Chromite is used almost exclusively for the preparation of all other 
chromium derivatives, as it is first converted into potassium chromate 
by fusion with potassium carbonate and nitrate (p. 379). 

Metallic chromium was first obtained free from carbon and fused in large 



t 
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fi'i.inlities in 1898 1>y G»liischmid(, who ignited a mixtutc of chigmic 
"xide and aluminium powder (p. 347) : 

Cr,0, + Al, = AljO, + Cr^ 

It isbrigiil gray in color, very brillianl, and on cleavage facesshoA's strong 
cryslalliiaiioii. It is very hard, extremely difficult to melt and very stable 
in theair. W. }littorf claims that chromium behaves lilcea noble nictalat 
ibc ordinary temperature in that it is inactive electromoiively and in the 
tension series arranges itself with platinum. Hydrochloric acid at 0° 
has no action upon it and when it is made the anode it dissolves in the 
acid as chromic acid- At more elevated temperatures it decom)M)srs 
hydrochloric acid with the liberation of hydrogen ; and in an electro- 
motive respect follows zinc. It dissolves as chromoiis chloride. 

Four scries of chromium compounds are known t rhromous (CrX,), 
(hromie (CrX,), the derivatives of chromic acid, called chromalti, and 
\hx: perckremaUs. All chromium compounds arc brightly colored, hence 
the name chromium (from xp^t"^- color). 



CHROMOUS COMPOUNDS. 

These are veryuoMable, and liy oiiilition pau rradll)' iiiio diromiV compounds. Like 
rerroai »iu, tbeyare pmiluced by (he reilucLjnr oT ihrhlgliFr ciildr*. The fnllowing m»y 
be menlioned : Chiomons Chloride, CrCl,. This is olilained by liealini; chromic I 
chliHiile, CiO„ m a sltenin of hydrugen 01 by dii&olving cbrcimiutD in hydrochloric add. 
ft 19 > while ctyswUine jinwdcr. It voliiilli»es without decutnixiNiion, Ai 1300-1600° 

' to n miiiurc of the miJetulw CcCl, and Cr,Cl.. Ii dis- ] 
or i the soluIioD absorbs oxygen with avidity, and become* j 
green in coliir lAnn. (.Iiem. a*8 (1SS5), 1X3]- The alkalie* pneipitalc yellow cbro- | 
mous hydroxide, C>(UII),, frum it This is readily midited. When healed ii putt \ 
with hydcogen and water ajid becomes chnmuc oxide : 

3Q(0H), = Cr,0, + H, -( 11,0. 



the vapor density ci 



CHROMIC COMPOUNDS. 

Chromic Chloride, CrCl,. like AlCI,, is obtained by ignition of the 
ind charcoal or, better, the metal in a current of chlorine. When 1 
EtBJsed to a red heat in this condition it sublimes in shining vinlet leaflets, 
Bwttich are transformed into chromic oxide by ignition in theair. Its 
bntpor density at 1100-1300" corresponds to the formula CtCl,; it vapor- 
KiKs very slowly below 1000°, 

I Pure chromic chloride only dissolves in water after long-continued \ 

|!^IIing ; if, however, it contains traces of chromous chloride, CrCI,, ii 

UtKsiilves readily at ordinary temperatures. Green crystals of OCI, + 

H,0 separate from the green solution on evaporation ; these deliquesce 

.ir. The same crystals may be obtained from solutions of chromic 
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hydroxide, Cr(OH)„ in hydrochloric acid. When they are dried inter- 
mediate oxychlorides, CrCl,(OH) and Cr,Cl(OH)„ are formed; finally 
Cr(0H)3 remains. 

Chromic Hydroxide, Cr(OH),. It is precipitated by ammonium 
hydroxide from chromic solutions as a voluminous bluish-gray, hydrous 
mass. The green precipitates produced by sodium and potassium hydrox- 
ides contain alkali that cannot be removed even* by boiling water. 
They dissolve readily with an emerald-green color, in an excess of potas- 
sium or sodium hydroxide ^slightly in ammonia), but they are reprecipi- 
tated upon boiling their solutions. When chromic hydroxide is heated 
to 200® in a current of hydrogen, the product is the hydroxide, CrO.OH, 
which is a grayish-blue powder, insoluble in dilute hydrochloric acid. 

Chromic Oxide, Cr,0,, is a green, amorphous powder. It is also 
formed by the ignition of chromium trioxide : 

aCiO, = Cr,0, -f 3O, 

or of ammonium dichromate: 

(NH4),Cr,0T = Cr,0, -f 4H,0 + N^ 

It may be obtained in black, hexagonal crystals, by conducting the 
vapors of the oxychloride (p. 380) through a tube heated to redness : 

2CrO,a, = Cr,0, -f 2CI, + O. 

Ignited chromic oxide is insoluble in acids. When fused with silicates, 
it colors them emerald-green, and serves, therefore, to color glass and 
porcelain. 

Guignef s green is a beautifully green-colored chromium hydroxide, 
which is applied as a paint. It is obtained by igniting a mixture of one 
part of potassium dichromate with three parts of boric acid ; after treating 
the ma.ss with water, which dissolves potassium borate, there remains a 
green powder, the composition of which corresponds to the formula : 

Cr,0(OH)^. 



The predominating properties of chromic oxide are basic, as it readily 
affords salts with acids; yet its basic nature, like that of all sequioxides, 
is but slight, so that it does not afford salts with weak acids (p. 374). 
In addition to all this it possesses a slightly acidic character, and metallic 
salts are derived from it, generally from the hydroxide, CrO. OH, which 
are analogous to the aluminates (p. 351). Such salts — chromites — like 
(CrO. 0)jMg and (CrO. O^Zn, can be obtained crystallized in regular 
octahedra by fusing chromic oxide with metallic oxides and boron trioxide 
(as flux). The mineral chromile is such a salt : 

Cr,Os . FeO = (CrO . 0),Fe. 

Chromium Sulphate, Cr,(S0^)5, is obtained by dissolving the 
hydroxide in concentrated sulphuric acid. The solutiotv, @:eeu at firsts 
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I becomes violel on standing, and deposits a violet -colored crystalline 
mass. This may be purified by solution in wattr and precipitation by 
alcohol. Thissall crystallizes from very dilute alcohol in bluish- violet octa- 
hedra containing fifteen molecules of water. If the aqueous solution of 
the violet salt be heated, it assurnes a green color, because the salt breaks 
down into free acid and a basic salt which, upon evaporation, separates ■ 
as a green amorphous mass, soluble in alcohol. When the green solulloa J 
stands, it reverts to ihe violel of the neutral salt. The other chromicB 
salts, the nitrate and the alum, behave in a similar manner. ^ 

It is very probable that in the green solutions the chromium exists as 
a part of peculiar '-complex" acids: chrom-sulphuric acid, chrom-niiric 
acid ; it no longer appears as ion, but as a part of the latter. Hence the 
salts of green solutions do not show the reactions of salts of chromi 
nor of sulphuric acid. 

Chromium sulphate forms double salts with the alkaline sulphates— the ] 
chromium ahims(p. 353). 

Potassium Chromium Alum, K^O,. Cr,(SO,), + 34H,0, crys- 
tallizes in large, dark-violet octaliedrn. It is most convenrcnily prepare^ 
by conducting sulphur dioxide through a solution of potassium dichromatfl 
containing sulphuric acid : 

. K,Ct,0, + H,SO, + 3SO, = Cr,(SO,),. K^, -j- Il.O. 

I At So" the violet solution of the salt becomes green, and on evapora-J 

tion yields an amorphous green mass. I 

As chromium hydroxide possesses only a slightly basic nature, saltsi 

with weak acids, like carbonic, sulphurous, and hydrosul phuric acids (see I 

Aluminium, p. 315) do not exist. Therefore, the alkaline carbonates and J 

I sulphides precipitate chromium hydroxide from solutions of chromiui 

t'lalts: 

Ct,(SOJ, + 3N»,CO, -^ 3H,0 = aCr(OH) -|- jNa^SO^ + 3CO, 
f Knd 

Cr,(SO,), + 3(NH.),S + 6H,0 = aCr(OH), + 3(NHj),S0, -^ 3H,S. 

Ammonium sulphide produces a black precipitate, chromous sulphidi 
I CrS, in solutions of chromous salts. 



DERIVATIVES OF CHROMIC ACID. 
In its highest oxygen derivative, CrO,, chromium iiossesses a coraplet^ 
^netalloidal. acid-forming character. Chromic acid. H,CrO,. is perfectly 
rknalogous to sulphuric acid, H,SO., but has not been obtained free, sine? 
I when liberated from its salts it at once breaks down into the oxide and | 
I water : 

H,CtO, = Crf>, + 11,0. 

The chroraates are often isomorphous with the corresponding sulphates 
I (p. 379)- Pply^hroHitlet also exist, and are d«"\ve4 Imtft ^X-^'ias'iTO.xc. 
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acids produced by the condensation of several molecules of the normal 
acid (see Disulphuric Acid, p. 193) : 

HjCrO^, HjCrjO^, H^CrjO,^ etc. 

Chromic acid. Dichromic acid. Tnchronuc acid. 

The constitution of their salts is expressed by the following formulas : 

C'^.<OMe CK),<gj,^ S8:$8Me. 

The free polychromic acids are not known, because as soon as they are 
separated from their salts, they immediately break down into the acid 
oxide and water : 

HjCr,0„ = 3CrO, + H,0. 

The polychromates are frequently, but incorrectly, called acid salts ; 
true acid or ])rimary salts, in which only one hydrogen atom is replaced 
by metal (KHCrOJ, are unknown for chromic acid. 

The salts of normal chromic acid are mostly yellow colored, while the 
polychromates are red. The latter are produced from the former by the 
action of acids : 

2K,Cr04 4- 2HNO, = K,Cr,0^ + 2KNO, + H,0. 

Conversely, by the action of the alkalies, the polychromates pass into the 
normal salts : 

KjCfjO^ -}- 2KOH = 2KJC1O4 4- H,0. 

The formation of the polychromates may be explained as follows : The 
chromic acid liberated from its salts by stronger acids breaks down into 
water and the acid oxide, which combines with the excess of the normal 
chromale : 

KjCrO^ -f- CrO, = K,Cr,0^. 

When there is an excess of acid the anhydride (CrO,) is set free. 

Chromium Trioxide, or Chromic acid anhydride (^Acidum chro- 
micum), CrO,, consists of long, red, rhombic needles or prisms, ob- 
tained by adding sulphuric acid to a concentrated potassium dichromate 
sohition. The crystals are readily soluble in water and deliquesce in 
the air if not perfectly free from sulphuric acid. When heated, they 
blacken, melt, and at about 250^ decompose into chromic oxide and 
oxygen : 

2CrO, = Cr,0, -f 3O. 

It volatilizes without decomposition in slight quantities and this even 
occurs below its point of fusion. 

Chromium trioxide is a powerful oxidizing agent, and destroys organic 
matter ; hence its solution cannot be filtered through paper. When alco- 
hol is poured on the crystals, detonation takes place, the alcohol burns, 
and green chromic oxide remains. By the action of acids, e, g., sul- 
phuric, the trioxide deports itself Uke a \:>eTOYAde\ o'x.Y^.eti escapes and a 






chromic sail results. 
tiblorine is evolved : 



When heated with concentralcd hjtlrochloricacid 



I 



sCiO, -t- iina = Cr,a, + 6n,o + jci,. 

d and hydrogen sulphide, con- 



Rcdticing sulstances, like SHlphiimtis 
vert chromic acid i iitu oxide : 

iCiO, + 3ll,S = Cr,0, + 3H,0 -f jS, 
aCrO, + 3S0, + 3H,0 = Ci,0, + 3H,SOj = C»,(SOjl, + 3H,0. 

^Alcohol acts similarly, being oxidized toaldeh}de: 

2C1O, + 3H,S0, + 3C,TI,0 = Cr,(SO,), + 611,0 -f jt.ll.O. 



Potassium Chromate, K,CiO,, Is obtained by adding puiassiiim 
hydroxide to fioiassiiim dichromate. It forms yellow rhombic crystals, I 
isomorplions with potassium sulphate (K,SO,) ; isomorphoiis mixtures crys- ' 
tallize nut from the solution of the two salts. 

Neutral alkali chromatcs are always produced when any chromium com- 
pound is fused with an alkaline carlionate and some oxidizing; agent (salt- 
peter, potas-siiim chlorate). The addition of the oxidant is unnecessary 
Che iixygen of the air can act sufficiently upon the fusion. Chromic 
1 oie is roasted in reverberatory furnaces with soda and lime. Neutral 
ium chromate, ferric oxide, and calcium carbonate are the products : 
- 
iCt 



aCr,0,. FcO + 4Na,C0, -f- 4CaO + 70 = 4N»,Crt), + 4CaC0, + FtjO,. 



K7he neutral chromate is extracted with water, UTicn this solution is | 

concentrated and mixed with sulphuric acid anhydrous sodium sulphate . 

separates even from the hot liquid, from which, on further evaporation, 

Sodium Dichromate, Na,Cr,0, ■+ aH,0, deposits in red crystals on 

cooling: 

jNfl,CrO, + II,SO, = N(i,Cr,0, + Nb,SO, + H,0. 

All other chromium preparations are made from this salt [see Hlusser- 
mann, Jahrb. f. Ch. (1891"), 1, 327], Chromates arc also produced if 
chromium or its alloys are made the anode in an alkaline bath. I 

Potassium Dichromate, or Bichromate 0/ potash, K,Cr,0„ called I 
acid potassium chromate, is manufactured on a large scale by trans- j 
posing the sodium salt with potassium chloride : 

Nii.,Cr,n, + iKa = K,Cr,0, + aNflO. 

■The great difference in solubility in water renders the separation of the 

Hodium chloride and potassium dichromate an easy matter. 

B Potassium dichromate (called red tkromatf of (lotash in commerce) | 

Ipystallixes in large, red, triclinic prisms, soluble at ordinary tempera- | 

UUres, in ten parts of water. When heated, the salt fuses without change ; J 

■tt a very high heal it decomposes into potassium chromate, chromic i 

nxide, and oxygen: 

I aK,Cr,0, = aK.CiOj \ Ct.O, i S^. 
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When the salt is warmed with sulphuric acid, oxygen escapes and potas- 
sium chromium alum is produced : 

K,Cr,0, + 4H,S04 = Cr,(S04),. K^SO^ -f- 4H,0 -f 3O. 

This reaction answers for the preparation of perfectly pure oxygen. 
Further, the mixture is made use of in laboratories, as an oxidizing agent. 

Sodium Chromate, Na,CrO^ + ioH,0, forms deliquescent crys- 
tals, and is analogous to Glauber's salt (Na^SO^ -|- ioH,0). Barittm 
and Strontiuni Chromates, BaCrO^ and SrCrO^, are almost insoluble 
in water. Calcium Chromate, CaCrO^, dissolves with difficulty in 
water, and crystallizes like gypsum with two molecules of water. The 
magnesium salt, MgCrO^ + 7H,0, dissolves readily and corresponds to 
Epsom salts, MgSO^ + yH^O. The chromates of the heavy metals arc 
insoluble in water, and are obtained by transposition. 

Lead Chromate, PbCrO^, is obtained by the precipitation of 
soluble lead salts with potassium chromate. It is a yellow amorphous 
powder which serves as a yellow paint — chrome yellow. When heated it 
melts undecomposed, and solidifies to a brown, radiating crystalline 
mass. It oxidizes all the carbon compounds at a red heat, and is there- 
fore used in their analysis. In nature lead chromate exists as crocoisite. 



Chromic Acid Chloranhydrides. — Chromic acid forms chloranhy- 

drides similar to those of sulphuric acid (p. 195). Corresponding to sul- 

phuryl chloride, SO^Cl,, we have chromyl chloride, CrO,Cl, ; and for the 

f CI f CI 

first sulphuric acid chloranhydride, SO, \ >-.ti> ^s the salt, CrO, \ ^y-. 

VI .CI VI c\ VI ^OK 

CrO,<ci CrO,<oK CrO,<OK- 

Chromyl Chloride, CrO,Cl„ Chromium oxy chloride y is produced by 
heating a mixture of potassium (or sodium) dichromate (or monochro- 
mate) and sodium chloride with sulphuric acid : 

NajCiO^ -h 2NaCl + 4H.^S04 = CrO,a, -\- 4NaHS04 -f- 2H,0, 
and 

NajCr^O^ -f 4NaCl -f- eH^SO^ = 2CrO,Cl, -f eNaHSO^ -f 3H,0. 

The water produced at the same time must be absorbed by the excess 

of sulphuric acid. 

To prepare chromyl chloride, first fuse salt (lo parts) with potassium dichromate (12 
parts) or with potassium monochromate (17 parts). The yellowish-brown mass is broken 
into coarse pieces, placed in a retort provided with a condenser, and anhydrous or slightly 
fuming sulphuric acid (30 parts) poured over them. When a gentle heat is applied 
chromyl chloride distils over and is purified by further distillation. 

Chromyl chloride is a red, transparent liquid, of specific gravity 1.91 
at 25°, and fumes strongly in the air. It boils at 116-118° ; its vapor 
density corresponds to the molecuVax {oitiw\\^C\O^Vy 
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tWith wa«r it is decomposed according to tlic following eqiiaiion: 
Cio,a, + n,o = cio, + lua. 

Chloro-chromic Acid, CrO,<Q„ (see p. 380), is only known in 

Ib salts. The potassium salt is formed by heating pocaasium dichromate 

■{3 paris) for a short {leriod, with concentrated hydrochloric acid (4 parts) : 

K,Cr,0, + 2HCI = 2CKl,<y^ + H,0. 

Ht cryslalliKS from the solution on cooling in flat, red needles. Heated 
Kto 100" it gives up chlorine. It is decomposed by water into hydro- 
chloric acid and potassium dichromate : 

aCiO,<^j'^ + H,0 = K,Cr,0, + aHG. 



Bromides and Indklesof chromic acid are not known, but Chromyl PluoriJe, CiO,F!,i 
■ red-oolored and very volatile litjuid, which is dccoinposcd by water with llir fonnation 
of chromic and hydnifluotic acids, is obtained by hentiiig n mixture of lead clirotnaie and 
calcium fluoride with concenlraled sulphuric acid in jilaliaum or lead tcmcIs. It elchel 
glass. Ii waj roimerly thoughl lo be chrontiuiD heiifluoride, CrFI,. 



^" The following reaction is very characteristic for chromic acid; On 
adding hjdrogen peroxide to a sohition ot chroniiom trioKidc, or the 
acidified solution of a i^hromaic, the red liquid is colored blue. On 
shaking the blue solution with clher, the latter withdraws the blue com- 
pound which O. F. Wiedf [Ber. 31 (1898), 516] considers to be the 
anhydride of perchromic acid, CrjO,, together with hydrogen per- 
oxide. This chemist succeeded in preparing alkali salts of the |>erchromic 
acid but always combined with hydrogen peroxide. They are violet in 

t color and are readily decomposed ; their formula is probably 
ndtl 
ffbcylme oxygen and become dichromaies. Silver nitrate produces a 
brownish-red precipitalc of «"ftrr chramale, Ag,CrO„ with aqueous 
solutions of the chiomates. This silver salt dissolves very readily in 
ammonia and in the mineral acids. 



MeO.Cr0( + H,O,. 
d that of the hypothetical acid: 
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2. MOLYBDENUM. 

Mo = 96.0. 

Molybdenum is of comparatively rare occurrence in nature ; usually as molybdenite 
(MoS|) andwulfenite (PbMoO^). Scheele,in 1778, obtained molybdic add from molyb- 
denite which had until then been considered graphite. Hjelm, in 1790, prepared molyb- 
denum as a silver-white metal, of specific gravity 8.6, by igniting the chlorides or oxides 
in a stream of hydrogen. It is very hard, fuses at a higher temperature than platinnm, 
and is as ductile and as susceptible of polish as iron. Like the latter it takes up carbon at 
1 500° and becomes so hard that it will scratch glass. When heated in the air it oxidizes 
to molybdenum trioxide. It is soluble in concentrated sulphuric and oitric acidSb It is 
also converted by the latter into insoluble molybdenum trioxide, M0O3. 

Molybdenum forms derivatives of the most different tjrpes, so that it is apparently a 
bivalent, trivalent, quadrivalent, etc. , and even an octivalent metal. The vapor density of its 
chloride, M0CI5, has been determined and in it the metal is positively quinquivalent In 
its most stable oxide, MoO„ it is apparently sexivalent and in the stable sulphide MoSb 

auadrivalent ; but we are ignorant as to the constitution of these bodies as well as of 
leir molecular magnitudes. Only the most important will be described. 

Molybdenum Dichloride, MoCl,, resulting from the trichloride, MoCI,, when 
heated in a stream of carbon dioxide (together with MoCL), is a bright yellow, doo- 
volatile powder. It is converted by potassium hydroxide mto the hjrdrate, Mo(OIi),, 
a black powder. 

The molecular formula of this chloride (and that of the corresponding bromide) most 
apparently be trebled — MojCl,, because dilute alkalies change it to chloromoiybdu 
hydroxide^ Q\^oJ^\\\. The latter behaves like a diacid base having the radical 
(MojCl^ )ii. Concentrated haloid acids convert it into salts of the formula (Mo^CI^)!^, 
in which only the two R-halogen atoms are precipitated by silver nitrate. In the 
chloride (Mo,Cl4)Cl, therefore only two chlorine atoms are precipitated as silver chloride. 
On the other hand, chloromolybdic hydroxide (a bright yellow amorphous powder) is also 
a feeble acid. It dissolves without change in dilute alkalies and is reprecipitated from 
its yellow solution by weak acid.s. 

The iron cyanide radical [Fe(CN)0] and many other radicals containing halogens, 
derived from cobalt, chromium and platinum, conduct themselves like (MojCl^). In 
these compounds, the halogens belonging to the radicals are obscured — protected— from 
the reagents with which we are accustomed to see them react in their hydrc^en and other 
derivatives. This is true also of the other parts of the radicals, of the molybdenum in 
(MogCl^), of the iron in [Fe(CN)j], etc., etc These metals can be no longer recognized 
by the reagents with which they are ordinarily detected. These new relations and their 
explanation, by the theory of electrolytic dissociation, will be again considered in con- 
nection with the iron-cyanogen compounds. 

Molybdenum Trichloride, MoCl,, produced by gentle heating (at 250°) of molyb- 
denum pentachloride, M0CI5, in a current of hydrogen or carbon dioxide, is a reddish- 
brown powder, resembling red phosphorus, which, when strongly ignited, yields a dark- 
blue vapor. It dissolves with a beautiful blue color in concentrated sulphuric acid, upon 
heating, with an emerald-green color. Potas.sium hydroxide converts it into tlie hydroxide^ 
MolOII),, which forms salts with acids. The ignition of the hydrate affords the black 
oxide, M02O3. Strong heating of the trichloride in a current of carbon dioxide leaves 
molybdenum dichloride, MoCIj, and it sublimes. 

Molybdenum Tetrachloride, MoCl^, is a brown, crystalline powder, which appears 
to break up by evaporation into pentachloride, M0CI5, and trichloride, MoClj. Molyb- 
denum disxilphide^ MoS^, is produced by the ignition of the trisulphide^ MoSj, away from 
air. It is a shining black powder, which occurs native as niolybdeni/fy in hexagonal, 
graphite-like crystals, with a specific gravity of 4.6. 

Molybdenum Pentachloride, M0CI5, is prepared by heating molybdenite (MoS,\ 
or molybdenum in dry chlorine gas. It is a metallic, shining, black, crystalline mass, 
fusing at 194® and distilling at 268® ; its vapor density corresponds to the molecular 
{oTmu]& M0CJ5. It fumes and deVic^uesces m V\ve «\t, ^tv^ ^\^s«\n«s»\xv ^^\<:x nvV^Vvs&xqs^. 
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Its aaueous solution has a brown color. It dissolves in absolute alcohol and ether with 
a dark -green color. 

The hexachloridey MoCl^ is not known, but the oxychlorides, MoOCl^, and MoO,Cl„ 
are. 

Bromine forms perfectly analogous compounds with molybdenum. 

Molybdenum Trioxide, M0O3, results on roasting metallic molybdenum or the sul- 
phide in the air. It is a white, amorphous mass, which turns yellow on heating ; it fuses 
at a red heat and then sublimes in brilliant rhombic plates and needles. It is insoluble in 
water and acids ; but dissolves readily in the alkalies and ammonmm hydroxide. When 
fused with the alkaline hydroxides or carbonates, salts are produced, partly derived from 
the normal acid, lI^MoO^, and partly from the ix>ly-acids, and correspond to the ix>ly- 
chromates : 

KjMoO^, K,Mo,0,, KjMojO,^ Na^Mo^O,,, K,Mo,0,4, etc. 

The ammonium saliy (NH^^MoO^, is obtained by dissolving the trioxide in concen- 
trated ammonium hydroxide. In the laboratory it serves as a reagent for phosphoric 
acid. Alcohol causes it to separate out of its solution in crystals; upon evaporation, 
however, the salt, (NH^)0Mo,O,« -)- 4H,0, crystallizes out. Both salts are decomposed 
by heat, leaving molybdenum trioxide. 

Nitric acid gradually separates a yellow crystalline powder from the alkali molybdates, 
MoO^OH)^, which is only slightly soluble in water. It loses water on drying and 
changes to the normal hydrate Molybdic Acid, H^MoO^. By the action of reducing 
agents, such as zinc, stannous chloride, and sulphur dioxide, molybdic acid solutions 
are colored first blue, then green, then brownish -red, and finally brown. This is due to the 
formation of different lower oxides. The first blue-colored reduction product is formed 
by warming a molybdic acid solution with metallic molybdenum ; it has the formula 
MowOg ( = 2M0O, . MoO,). The final product, by the action of tin and hydrochloric 
acid, is molybdenum sesquioxide, M0|0,. Its comix>unds are usually yellow in color. 
Potassium permanganate converts all these lower oxides into molybdic acid. 

Hydrogen peroxide converts molybdic acid and its salts into derivatives richer in 
oxygen ; these were supposed to be derived from a permolybdic acid^ HMoO^. l*he 
latest researches have demonstrated that their oxygen content varies and that they can- 
not be referred to a common parent body. It is thought that they contain, like ozone 
and hydrogen peroxide, oxygen atoms = 02 in union with one another, therefore they have 
been designated azomolybdaUs (Muthmann and Nagel, Ber. 31 (1898), 1836). 

Molybdic acid can also form poly-acids with phosphoric and arsenic acids, e, g.y 
IT3FO4. iiMoOj. These complex phosphomolybdic acids are distinguished by die fact 
that they form salts insoluble in dilute acids with the metals of the potassium group, with 
ammonia, with thallium and with organic bases. Sodium and lithium salts do not yield 
precipitates with these acids. On adding a solution containing phosphoric (or arsenic) 
acid to the nitric acid solution of ammonium molybdate, there is produced a yellow 
crystalline precipitate of ammonium phospho-molybdate, (NH^),!^)^. 11M0O3 -f 6H2O. 
This reaction serves for the detection and separation of phosphoric add. 

Molybdenum Trisulphide, MoS|, is thrown down as a brown precipitate from acidu- 
lated molybdenum solutions by hydrogen sulphide. It dissolves in alkaline sulphides 
forming sulpho-salts. Ignited away from air it is converted into black molybdenum disul- 
phide, Mo&, which occurs native as molybdenite. 

In addition to these molybdenum compounds in which the element is sexivalent 
there is a 

Molybdenum Tetrasulphide, MoS^. From this are derived persulphomolybdic 
add, H,MoS^ and its salts, e. g.^ K^MoS^ and KHM0S5. 
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3. TUNGSTEN. 

W = i84. 

Tungsten is found in nature in the tungstates: as wolframite, (Fe,Mn)WO|y ai 
scheelite, CaW04, and as stolzite, PbWO^. 

The metal is (Stained, like molybdenum, by the ignition of the oxides or chknides 10 
a stream of hydrogen, in the form of a black powder, or in steel-gray crystalline leaflet^ 
having a specific gny'ity of 19. It is very hard and difficultly fusible. It becooies tri- 
oxide when ignited in the air. 

Tungsten forms the following chlorides : WCL, WCL, WCl, and WCl^ 

The Pentachloride, WCl^, is obtained by the distillation of WCL m a current of 
hydrogen or carbon dioxide, and consists of shining, black, needle-like crystals. It 
melts at 248** and boils at 275°, forming a greenish-yellow vapor, with the density 360 
(WClg = 361.25 ; O, = 32). It affords an olive-green solution and a blue oxide, W,U^ 
with water. It dissolves with a deep-blue color in carbon bisulphide. 

Tungsten Hexachloride, WCl^ is produced when the metal or a mixture of wolf- 
ramite with carbon is heated in a current of chlorine. It forms a dark-violet, crystalline 
mass, which melts at 275° and boils at 346°. The vapor density corresponds to the for- 
mula WCL. It dissolves in carbon bisulphide with a reddish-brown color ; it forms 
tungsten tnoxide, W0„ with water. The other chlorides are obtained from it by heating 
them alone or in a current of hydrogen gas. 

The Ozychloridef WOG4, consists of red crystals, fusing at 210^ and boiling at 
229® ; its vapor density equals 340 (WOCl^ = 341.8). The Diosjrchloride, WO,Cl„ 
sublimes in bright yellow, shining leaflets. They are produced from the other chlorides 
by the action of water. 

Tungsten Triozide, W0„ is thrown out of the hot solution of tungstates by nitric 
acid, as a yellow precipitate, insoluble in acids, but dissolving readily in potassium and 
sodium hydroxides. Tungstic Acid, WO(OH)4, is, however, precipitated from the 
cold solution, but on standing over sulphuric acid it becomes W02(0H), and at 100^ 
passes into ditungstic acid, H^W^O^ = WjOjfOH),. 

When tungstic acid is reduced in hydrochloric acid solution by zinc it first becomes 
blue (formation of W^Oj), and then brown, when the salt of the dioxide, WO,, is formed. 
Potassium permanganate oxidizes this to tungstic acid. 

The salts of tungstic acid are perfectly analogous to the molybdates, and are derived 
from the normal acid or the poly-acids. The norma/ sodium sait^ Na-WO^ 4* 2H,0, 
and the so-called sodium meta-fungsfate, Na^W^O^ 4- loHjO, are applied practically. 
Materials saturated with their solutions do not burst into a flame, but smoulder away 
slowly. 

Tungstic acid and the tungstates behave toward hydrogen peroxide just like moljrbdic 
acid. 

The reduction of the alkaline tungstates (by fusion with tin, etc.) affords peculiar com- 
pounds, e. g.^ KjW^Oj, or Nax(WOj)y ; these have various colors, possess metallic lu.ster, 
and are applied as tungsten bronzes. 

Tungstic acid also combines with phosphoric and arsenic acids, forming derivatives 
analogous to those of molybdic acid with the same acids. 

The metal is used in the manufacture of tungsten steel ; a slight quantity of it increases 
the hardness of the latter very considerably. It was first prepared in 1783 by J. and F. 
d'Elhujar. 



4. URANIUM. 

U = 239-5- 

In nature it occurs chiefly as uraninite, a compound of uranic and uranous oxides, 
U0,.2U0s = U,0^. 

The metal, first obtained in 1840 by P^ligot on heating uranous chloride with sodium, 
has a silver- white color and a specific gravity of 18.7. When heated in the air it bums to 
i/ra/ious- uranic oxide. Its specific Vieal ec\via\s o.02.bT , axv^xvs. ^xovKv^ nc^axcd*. v?.^«w^RKfc 
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6.6. It melts at about 1500°. There are two series of uranium compounds. In the one, 
the metal is a tetrad UX^ ; these uranous or urano-compounds are very unstable, and pass 
readily into the uranic or derivatives of sexivalent uranium. Uranous oxide is of a basic 
nature, and only forms salts with acids. 

The compounds of sexivalent uranium are called the uranic compounds. The oxide, 
UO3, and the hydroxide, 110,(014 ),, have a predominant basic character, but are also 
capable of forming salts with bases which are called uranates. In the salts derived from 
acids, e.g,y U0,(N03), and UO,. SO4, the group UO, plays the r6le of a metal ; it is called 
uranyl^ and its salts are termed uranyl salts. They may also be regarded as basic salts. 



URANOUS COMPOUNDS. 

Uranous Chloride, UCI4, is obtained by heating metallic uranium in a stream of chlo- 
rine, or uranous oxide in hydrochloric add. It consists of dark-green octahedra with 
metallic luster. It volatilizes at a red heat, forming a red vapor, whose density agrees 
with the formula UCI4. It deliquesces in the air, and dissolves with hissing in water. 
Uranous hydroxide remains when the solution is evaporated. 

Uranous Oxide, UO,, is formed when the other oxides are heated in a current of 
hydrogen. It is a black powder, which becomes uranous-uranic oxide, UO,. 2UO,, when 
heated in the air. 

Uranous oxide dissolves with a green color in hydrochloric and concentrated sulphuric 
acids. Uranous sulphate^ U(S04), -\- 8H,0, consists of green crystals. From the salts 
the alkalies precipitate the volummous, bright green uranous hydroxide^ U(OH )^^ which 
becomes brown on exposure. Uranous salt solutions are distinguished by a very remark- 
able absorption spectrum. 



SEXIVALENT URANIUM COMPOUNDS. 

Uranium Hexachloride, UCl,, has not been obtained, but the oxychloride, 
UOjCl, (uranyl chloride), exists ; it is made by heating UO, in dry chlorine gas, or 
by the evaporation of uranyl nitrate with hydrochloric acid. It is a yellow crystalline 
mass, deliquescing in the air. 

Uranic Oxide, UO, or Uranyl Oxide, U0,.0, is a yellow powder, and is obtained 
by heating uranyl nitrate to 250®. When warmed with nitric acid it becomes uranyl 
hydrate or uranic acid^ UO,(OH)„ which is also yellow-colored. 

Uranyl Nitrate, UO,(NO,),, results from the solution of uranous or uranic oxide, or 
more simply of uraninite in nitric acid. It crystallizes with six molecules of water, in 
large, greenish-yellow prisms, which are readily soluble in water and alcohol. On add- 
ing sulphuric acid to the solution, Uranyl Sulphate, UOgSO^ -\- 6H,0, crystallizes out, 
on evaporation, in lemon-yellow needles. 

If sodium or potassium hydroxide be added to the solutions of uranyl salts, yellow pre- 
cipitates of the uranates J K,U,07 and Na,U,0^, are obtained. These are soluble in 
acids. In commerce the sodium salt is known as uranium yellow, and is employed for 
the yellow coloration of glass (uranium glass) and porcelain. The uranates can be 
obtained in crystalline form, by igniting uranyl chloride with alkali chlorides in the pres- 
ence of ammonium chloride. Nascent hydrogen reduces uranic to uranous compounds. 

The so-called uranic-uranous oxide, which constitutes uraninite, and is formed by the 
ignition of the other oxides in the air, must be viewed as uranous uranate, 2UO| . UO, = 
VI IV 

(UO,.0,),U. 

Many uranium salts exhibit magnificent fluorescence. The oxide colors glass fluxes a 
beautiful greenish -yellow (uranium glass). Uranous oxide, UO„ imparts a beautiful 
black color to glass and porcelain. 



as 
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Besides these compounds, in which uranium appears to be quadrivalent and seziTalent, 
it also yields a pentachloride, UCl^ like molybdenum and tungsten. The same 
results on conducting chlorine gas over a moderately heated mixture of carbon with one 
of the uranium oxides. It consists of dark needles which, in direct light, are metallic 
green, but in transmitted, ruby-red. It deliquesces in the air to a yellowish-green liquid ; 
upon heating it is dissociated into uranous chloride and chlorine (at I20>235®). 

There is also a Utroxide, UO4, which, like the trioxide, UO,, yields salts with the 
bases. It corresponds to molybdenum tetrasulphide M0S4 (p. 383). 



MANGANESE. 

Mn » 55.0. 

According to its atomic quantity, manganese bears the same relation to 
the elements of the chlorine group as chromium does to the elements of the 
sulphur group. The relationship manifests itself distinctly In the higher 
states of oxidation. Permanganic acid, HMnO^, and its anhydride, 
MnjOy, are perfectly analogous to perchloric, HClO«, and periodic, HIO4, 
acids and their anhydrides, 01,0^ and ItO^. The permanganates and the 
perchlorates are very similar, and for the most part are isomorphous. The 
manganese in them appears to be septivalent, like the halogens in their 
highest state of oxidation. The similarity of manganese to the halogens 
is restricted to this one point of resemblance. In the rest of its deriva- 
tives, manganese shows great resemblance to the elements standing in the 
same horizontal series of the periodic system, viz., with chromium and 
iron (p. 393). Like these two elements, it forms compounds of the types : 

MO (M(OH),.MX,), M,0, (M(OH),.MX„ MO, (MO.H,). 

1. In the manganous derivatives, MnX„ the metal is bivalent. These 
salts are the more stable, and comprise the most common manganese 
compounds. They resemble and are usually isomorphous with the ou$ 
salts of iron and chromium, and the salts of metals of the magnesium 
group (p. 313). 

2. The manganic compounds, MnX,, are similar to and isomorphous 
with the ferric, chromic and aluminium derivatives; they are, however, 
less stable, and easily reduced to the manganous state. 

3. The derivatives of manganic acid, 

HjMnO^ = MnO,(OH)„ 

in which manganese is sexivalent, are analogous to those of ferric 
(HjFeOJ and chromic acid (H,CrOJ, and, of course, to those of 
sulphuric acid (H^SOJ. 

4. Manganese also yields derivatives which can be referred to the type 
M,0,. These are i\\t permanganates, which correspond in formula to the 
persulphates. The manganese in them is apparently septivalent, but we 
have no definite knowledge of its structure, not even as to whether it cor- 
responds to that of the persulphates (p. 297). 

Consequently, in manganese we plainly observe how the similarity of 
the elements in their compounds is iuftuewc^d b^ t.Vvft valeuce (see ^, 
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^ j). In the mangatiimj' condition, manganese, like the elements of the 
Qtagnesiiim group, has a rather stiung basic character, which diminishes 
considerably in the niangan/c state. Sexjvalcni manganese has a metal- 
loidalacidiccharacier, and, in manganic acid, approachcssuiphur. By the 
further addition of oxygen, manganese finally (in [jcrnianganlc acid) ac- 
quires a metalloidal character and resembles the halogens. We have 
already noticed that many other metals, es[jccially chromium and iron, 
exhibit a similar behavior. Osmium in its tctroxide, OsO,. wholly resem- 
bles the halogens. 

On tbe other hand, Ihe meUlliudat and the weiitc basic melali BCC)uice > strong base, 
■Ikalinc character, bjr the addition of hydrogen, or hydrocarbon groups (CH,, C,Kj). 
The univalent groups, NH, (ammonium j, P(CH,)j [teiiamelhyl pliosphonium), S(C,Ht), 
(IliEthyl sulphine), .So(C,H.(, (riu Irielhyl), etc., aie of metallic nature, bemuse iheit 
*rdn>xidei. J'lCH,),.OH,S(C,H.),.OH,Sn(C,H,],.OH.are jwrfectly similw » Uie 
-'-■Mda (KOU, N»on) or Ihe alkali metals. 



I 



uiganese is widely distributed in nature. It is fuund native tn 
Seteoriles. Its roost important ores are pyroliisite, MnO„ hausmannite, 
Mn,0 , bcaunite, Mn,0„ manganite, Mn,O,.H,0, and rhodochrosite, 
MnCO.. 

Metallic manganese is obtained by igniting the oxides with aluminium 
powder (p. 347)- It has a grayish-while color, is very hard, and fuses 
with difficulty (at about 1904"), and a little above this temperature it 
volatilizes. Its specific gravity is 7.a-8.o. It oxidizes readily In moist 
air. It decomposes water on boiling, and, when dissolved in acids, 
forms manganous salts. 



the 



t important manganese compounds coire^ponds 1 



MANGANOUS COMPOUNDS. 



Manganous Oxide, MnO, results from ignition of the carbonate, 
with exclusion of air, and by heating all manganese oxides in hydrogen. 
It is a greenish, amorphous powder, which, in the air, readily oxidizes 
to manganous- manganic oxide, Mii,0,. 

Manganous Hydroxide, Mn(OH),, is a voluminous, white precipi- 
tate, formed by the alkalies In manganous solutions. When exposed to 
the air, il oxidizes quickly to brown manganic hydroxide, Mn,(OH),. 

Manganous salts usually have a pale, reddish color, and are formed by 
the solution of manganese or oxides of manganese in acids. 

Manganous Chloride, MnCl,, crystallizes with four molecules of 
waie/- in reddish tables. When heated, \\. dctomvcses, VnVts 'Otw. 
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hydrochloric acid and water. Anhydrous manganous chloride is pre- 
pared by igniting the double salt 

MnCl,.2NH^a -f H,0 

(see Magnesium Chloride), or by heating manganese oxides in hydro- 
chloric acid gas ; it is a crystalline, reddish mass, which deliquesces io 
the air. 

Manganous Sulphate, MnSO^, crystallizes below 6^ with seven 
molecules of water (like magnesium and ferrous sulphates), at ordinary 
temperatures with 5H,0 (like copper sulphate); and above 25** with 
4H,0 ; upon drying, the salt 

MnSO^ + H,0 

remains; the last molecule of water does not escape until at 280°. It 
forms double salts with the alkaline sulphates, e, g. : 

MnSO^.K,S04-h6H,0. 

Manganous Carbonate, MnCO,, exists in nature as rhodochrosite, 
and is precipitated by alkaline carbonates from manganous solutions, as 
a white powder, which turns brown on exposure to the air. 

Manganous Sulphide, MnS, is found in nature as alabandite or 
manganese-blende. Alkaline sulphides precipitate a flesh colored sul- 
phide from manganous solutions. It becomes brown in the air. 



MANGANIC COMPOUNDS. 

Manganic Oxide, Mn^Og, manganese sesquioxide, is a brown or black 
powder produced by the ignition of all the manganese oxides in a current 
of oxygen gas. It occurs as braunite in dark-brown quadratic crystals. 

IV III 

Manganic Hydroxide, Mn,(OH)gOr Mn(OH),, manganic hydrate 
separates as a dark-brown precipitate on exposing ammoniacal solutions 
of manganous salts to the air. It dissolves in cold hydrochloric acid to 
a dark-brown liquid, containing, in all probability, manganic chloride^ 
MnClj. When this is heated it decomposes into manganous chloride 
and chlorine. 

IV 

Manganitey occurring in iron-black crystals, is the hydroxide, Mn,0,- 
III 
(OH), orMnO.OH. 

Manganous-manganic Oxide, Mn304 = MnO. MnjO,. It consti- 
tutes the mineral hausmannite, crystallized in dark-gray quadratic octa- 
hedra, and is obtained as a reddish-brown powder by the ignition of all 
other manganese oxides in the air. It reacts with hydrochloric acid, 
according to the equation : 

MngO^ -f 8IICI = 3MnCl, -f- 4H,0 + CI,. 



UANGANIC COMPOUNDS. 

Since umnganLc oiiile b qiuulnilic in iu crysUtUoitioii, white all other scsquioiiilis 
"" c cotuodum and henulilc) ixrc thombohcdinl, and Hnte tlw firat is decomposed by 
'■: and sulphuric Bcids into maiigmieiie dioxide, MnO„ and a miu>gtii»ui »tl, 
n genernll)' sup]XHed that mnngaiiii: oilde is not a Ksquitiiide, but rnlhei a 
impound of ihi; dioxide with mBtipiiioiu oiidc : 

0-. 



MnO,. MnO ^ MnOc">Mn. 



Hauimannlle i« quidiatic, whi 

k 351 and p. 377. and mognetiti 

Hp compound o( 



nunguiese sesqui 

Mn,0,. MnO 
1$ manganouj oxide and the dioiide : 



other metallic oxidts nf the type M.O, (the s|unets, 
■re isometric ; therefore the former U ' ■ ■ ■ 

ide and protoxide : 



Tfaii is shown Ijy its behavior toward dilute iiiiiic and milphuric acids, which decom- 

r: it into manganese dioxide and two moleculeiorihanganousoxide. ConauJl Fnuike, 
f. prakt. Ch, 36 (1887), 451. Chrysolwryl, Unlike other ipinels, is tiimetric, and 
oilier reaclioni clearly prove (cliiefly their dqwirtincnt with conccnliated sulphuric acid] 

Ibat manganic and maogano-iiuuiganic oxides are to be regarded as scsquioude derivatiires. 



^P Manganic oxj'dt;, like llic oilier si.'5C[ 111 oxides, is a very fet^ble base, 
wliicli dues nut rurni satis willi diltile or weak acids, and by sejiaralion 
of oxygen reverts to tlie manganous condition. Its sails are very un- 
stable. 

Manganic Sulphate, Mli,(SO,),, is obtained by the solution of man- 
ganic oxide, hydroxide, or, better, manganotis-manganic oxide in con- 
centrated sulphuric acid. When the bst oxide is employed manganous 
suljihate also restilts. The best procedure is to heat the hydrate of man- 
ganese dioxide (see p. 390) with concentrated sulphuric acid to 168°. 
when the sulphate will separate as aD amorphous, dark-green powder. It 
dissolves with a dark-red color in a little water. It is said to form alums, 
with potassium and ammonium sulphates, e. g.. Mn,(SO,), . K^Oj + 

K4H,0, hut Christensen's researches make this rather doubtful. 



Mangane&e Dioxide, MnO,, peroxide. This is the mineral pyro- 
tisitc, occurring in 6ark-gray radiating masses, or in almost black rhom- 
lic prisms, which possess metallic luster. When gently heated it is con- 
verted into oxide, by strong ignition into manganous- manganic oxide: 
3MaO, = Mn,0, -|- O,, 

It is used for making oxygen. Chlorine escapes when it is wanned 
irilh hydrochloric acid (p. 49) ; 

MnO, -f 4Ha = MnCI, + iH,0 -f O,. 



I 
I 
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The dioxide may be obtained artificially by heating manganous nitrate 
to 150-160**. Its hydrates i MnO,.H,0 and MnO,.2H,0, are produced 
on adding a hypochlorite to the solution of a manganous salt, or if chlo- 
rine be conducted through a solution of manganese containing sodium 
carbonate, or by adding potassium permanganate to a boiling solution of 
a manganous salt. The precipitated dioxide dissolves in cold hydro- 
chloric acid, without liberating chlorine, as manganese tetrachloride, 
MnCl^, is probably formed; when heat is applied it breaks down into 
manganous chloride, MnClj, and chlorine, CI,. This deportment would 
indicate that manganese is quadrivalent in the dioxide (p. 259). Man- 
ganese dioxide also unites with bases, yielding the so-called manganiteSy 
e.g., BaMn^Oj and K^Mn^Oj. 

Manganese peroxide (also Mn.^0, and Mn,0^) serves chiefly for the manufacture of 
chlorine gas, and it is, therefore, important from a technical point to estimate the quan- 
tity of chlorine which a given dioxide of manganese is able to set free. This is done by 
boiling the oxide with hydrochloric acid, conducting the liberated chlorine into a potas- 
sium iodide solution, and determining the separated equivalent amount of iodine by means 
of sodium hyposulphite. Or the oxide is heated in a flask with oxalic and sulphuric 
acids, when the oxalic acid is oxidized to carbon dioxide, and from the quantity of this 
set free we can calculate the quantity of active or available oxygen in the manganese oxide : 

MnO, -f- HjCjO^ -f- HjSO^ = MnSO^ -f 2H,0 + 200^ 

In the preparation of chlorine the manganese is found in the residue as manganous 
chloride. With the relatively high value of pyrolusite, it is important for trade that the 
peroxide be recovered from the residue. This regeneration is at present largely executed 
by the method proposed by Weldon, according to which the manganous chloride, contain- 
ing an excess of hydrochloric acid, is neutralized with lime, the clear liquid brought into 
a tall iron cylinder (the oxidizer), milk of lime added and air forced in. The mixture 
becomes warm, and so-called calcium manganite, CaMnO| = CaO . MnO„ is precipi- 
tated as a black mud ( Weldon' s mud) : 

MnCl, -I- 2CaO 4- O = CaMnO, -|- CaCl,. 

The calcium chloride solution is run oflf, and the residual calcium manganite employed 
for the preparation of chlorine, when it conducts itself as a mixture of MnO, -|- CaO. 



COMPOUNDS OF MANGANIC AND PERMANGANIC ACIDS. 

When oxygen compounds of manganese are heated in the air in con- 
tact with potassium hydroxide, or, better, with oxidizing substances, like 
niter or potassium chlorate, a dark-green amorphous mass is produced, 
which dissolves in cold water with a dark-green color. When this solu- 
tion is evaporated under the air-pump, dark-green, metallic, rhombic 
prisms of potassium manganate, K,MnO^, crystallize out. This salt 
is isomorphous with potassium sulphate and potassium chromate. It suf- 
fers no change by solution in potassium or sodium hydroxide, but is de- 
composed by water, brown hydrated manganese dioxide separating, and 
the green solution of the manganate changing into a dark-red solution of 
the permanganate, KMnO^ : 

aKjMnO^ -f 3H,0 = 2KMn04 + MnO,. H,0 + 4KOIL 



POTASSIUM PERMANGANATE. 39 1 

A similar conversion of the green manganate into red permanganate 
occurs more rapidly under the influence of acids or chlorine : 

jKjMnO^ + 4HNO, = 2KMn04 + MnO, + 4KNO, -|- 2H,0 ; 
KjMnO^ + a = KMnO^ -f KCl. 

The red solution again assumes a green color on the addition of a con- 
centrated solution of an alkaline hydroxide. 

Owing to this ready alteration in color the solution of the manganate 
is called chameiean mineraL 

Potassium Permanganate, KMnO^, is best prepared by conductitfg 
carbon dioxide into the manganate solution until the green color has 
passed into a red. Hydrated peroxide of manganese is precipitated. 
When the solution is concentrated the salt crystallizes in dark-red 
rhombic prisms isomorphous with potassium perchlorate, KCIO^. It is 
soluble in twelve parts of water at ordinary temperatures. 

The permanganate solution is a strong oxidizing agent. If the oxida- 
tion takes place in the presence of a sufficient quantity of acid the per- 
manganate is reduced to a faintly colored manganous salt : 

2KMn04 -h sHjSO^ = aMnSO^ + KjSO^ + 3H,0 + $0. 

When a permanganate solution is added to an acidulated ferrous solution, 
the former is decolorized, and there results a faintly yellow-colored solu- 
tion of ferric and manganous salts : 

2KMn04 + loFeSO^ + BH^SO^ = 2MnS04 + 5Fe,(SOJ, + 8H,0 + KjSO^. 

Hence the solution of this salt serves for the volumetric estimation of 
ferrous salts. 

In neutral or aikaiine so\ui\ons the permanganate in oxidizing is decom- 
posed with the separation of manganese oxides : 

2KMn04 + H,0 = 2MnO, + 2KOH + 3O. 

In the same manner, the permanganate oxidizes and destroys many 
organic substances, therefore its solution cannot be filtered through paper 
without decomposition. It serves as a disinfectant. 

The permanganate is also reduced by hydrogen peroxide in acid solu- 
tion (p. 103). 

The remaining permanganates are similar to and isomorphous with the 
perchlorates. Tlie sodium salt is very soluble in water, and does not 
crystallize well. 

Very cold sulphuric acid added to dry permanganate causes the 
separation of Manganese Heptoxide, Mn^O,, an oily, dark-colored 
liquid. By careful warming it is converted into dark- violet vapors, 
which explode when heated rapidly. Manganese heptoxide has a 
violent oxidizing action ; paper, alcohol and other organic matter are 
inflamed by mere contact with it. 
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METALS OF GROUP VIII. 

The last group of the periodic system comprises the elements : 

Fe =56 Ni = 58.7 Co = 59 

Ru = 101.7 Rh = 103.0 Pd = 106 

Os = 191 Ir = 193.0 Pt = 194.8. 

' These elements are the middle members of the three great periods, and 
they have no analogues in the two small periods (p. 245). 

As regards both atomic weights and physical and chemical deportment, 
these elements constitute a transition from the preceding members of the 
great periods (Cr and Mn ; Mo ; W) to the next following members (Cu, 
Ag, All, and Zn, Cd, Hg). The elements standing side by side (heterol- 
ogous) and belonging to the same periods are very similar in their 
physical properties, and show, e. g.^ very close specific gravities. They 
are, therefore, usually arranged in groups, and are distinguished as (i) the 
iron group (Fe, Ni, Co), with the specific gravity 7.8-8.6; (2) the group 
of the light platinum metals (Ru, Rh, Pd), with the specific gravity 
II. 8-1 2. 1 ; and (3) the group of the heavy platinum metals (Os, Ir, Pt), 
with the specific gravity 21. 1-22.4. 

On the other hand, the homologous elements (Fe, Ru, Os ; Ni, Rh, 

Ir; and Co, Pd, Pt) show a like similarity in their chemical properties, 

as do the other homologous elements. This resemblance shows itself 

chiefly in their combination forms, and, of course, too, in the properties 

of the compounds (p. 329). We know that the metals of group VI 

(chromium, molybdenum, tungsten) and of group VII (manganese) form 

the highest oxides (MeO, and Me,0^) having an acidic nature. In the 

adjacent elements of group VIII (iron, ruthenium, and osmium) we find 

salts : 

KjFeO^, KjRuO^, KjOsO^, 

derived from the unstable trioxides FeO,, RuO, and OsO,. This acid- 
forming function disappears in the following members, Ni, Rh, Ir, and 
Co, Pd, Pt; their chemical valences diminish rapidly and they attach 
themselves to Cu, Ag and Au. 

Consequently the whole physical and chemical deportment of the nine 
elements about to be considered is governed by their position in the 
periodic system. 



METALS OF THE IRON GROUP. 

The metals of this group, iron, nickel and cobalt, are distinguished 
from all the other elements by their magnetic properties. 

Iron forms three series of compounds after the forms, FeO,, Fe,Oj and 
FeO. In its highest combinations iron has an acidic character, and the 
derivatives of ferric acid (H,FeOJ are perfectlY sluvllai to those of 
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chromic and manganic acids; they ace, however, less stable than the 
latter. Their analogues with cobalt and nickel are unknown. 

The ferrjV compounds, FeX,, are tnuch like the aluminium, chromic 
and manganic derivatives. They are generally isomorjihous with them. 
They are characterized amung iron salts by their relative stability. The 
highest oxides of cobalt are far less stable, while the higher salts with 
nickel are unknown. 

Again, iron, nickel and cobalt form out compounds (FeX,, NiX,, 
CoX,) in which ihey appear to be dyads. They resemble the compouods 
of chromium, maugancse, and copper of the same form, and those of the 
magnesium metals. The ferrous salts are not as stable as the ferric ; they 
are readily oxidized to the latter. 

The cobaltous and nickelous compounds are quite stable, and in this 
■ lespect these metals ally themselves with copiier and zinc. 



This very important metal is wiiiely distributed in nature. It is loun? _ 
[native on the earth's surface almost exclusively in meteorites, whicli 
[enerally contain nickel. Iron granules free from the last metal are said 
occur in the coal measures of Missouri. Iron is. however, present in 

Kit masses in other worlds which (like the sun) are surrounded by an 
bmosphere of glowing hydrogen, the heat of which is so intense that 
»ly the free elements can exist side by side (p, 39). 

The most important iron ores are: magnetite (Fe,0,). hematite 
(Fe,0^, brown iron ore or limonilc (hydrated oxide) and sidcrite 
(FcCO,), These ores constitute almost ihe sole material for the manu- 
facture of iron ; the sulphide ores, like pyrite, are not so well adapted 
for iron making. 

When iron is mentioned a distinction must be made between the 
metal iron, the pure element, and that iron which meets with a universal 
application in Ihe arts and industries. The latter is really not a metal 
but an alloy of iron with carbon, and frequently also with silicon, phos- 
phorus, sulphur, and manganese- Chemically pure iron, the real metal 
iron, is not applied technically because Its production would be too ex- 
l>ensive. Hence, a distinction must be made between chemically pure 
iron and the technical iron. 

A. Chemically pure iroH. 

Chemically pure iron is obtained by healing the pure oxide or the oxa- 
late in a current of hydrogen : 

Ff,0, + 3H, = 2Fe + 3H,0 ; 

mplete reduction the temperature finally should reach 600". 
f the reduction occurs at a red heat, the powder glows in the air, and 
Wrns (pyrophoric iron). The strongly ignited powder is not inttafa- 
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mable. Iron obtained by the electrolysis of ferrous sulphate always con- 
tains some hydrogen. 

Chemically pure iron when hammered has a silver-white color, is toler- 
ably soft, and is magnetizable. Its specific gravity is 7.78. It melts 
transitionally at 1800° and vaporizes at higher temperatures. In dry air 
it alters slowly but rysts rapidly in moist air. Boiling water is decom- 
posed by finely divided pure iron with evolution of hydrogen. It dis- 
solves readily in acids, and in nitric acid with the liberation of nitric oxide. 

B. Technical Iron. This always contains carbon. The carbon con- 
tent increases as the temperature, at which the ore is fused with the coal, 
rises. However, even at the most elevated temperatures iron does not take 
up more than 5 per cent, of carbon. The latter is either mechanically 
mixed as graphite with the iron or it exists as iron carbide, Fe.Cai (^* g-y 
FcjC) chemically combined — alloyed. 

The quantity of carbon and the form in which it exists leads to the 
varieties cast iron, sfec/and wrought iron, with their subdivisions. 

I. Cast Iron contains 2.3 or more per cent, of carbon ; its melting 
temperature rises as the carbon content falls ^1050-1250**). It is brittle 
and cannot be welded or forged. The varieties of cast iron are : 

{a) White Iron, All of its carbon is chemically combined. It is 
hard, brittle, and white in color. It is only made for conversion into 
wrought iron. White iron is distinguished as fibrous and ** spiegeleisen," 
according to the appearance of its fracture. 

(^) Gray Iron. Only a portion of its carbon is chemically combined 
with the iron. The greater portion exists as graphite. It is softer, more 
fusible than the preceding and of a bright gray to black color. It is 
used in the manufacture of castings, and of malleable iron; particularly 
by the Bessemer process. 

In the production of the different kinds of iron not only carbon but 
also manganese and silicon play an important part. Their presence or 
absence also determines the nature of the iron. Manganese favors the 
chemical union of iron and carbon. Hence white iron is usually man- 
ganiferous. Silicon decomposes the alloy of iron and carbon and favors 
the production of graphite. The color of gray cast iron is determined 
by the size of the graphite plates. If they are very small the iron is fine- 
grained and its color light ; otherwise the aggregation is coarsely crystal- 
line and the color dark — light and dark gray, and black pig iron. 

II. Wrought Iron and Steel with 1.6 per cent, and less of carbon. 
(Iron containing 1.6 to 2.3 per cent, of carbon is no longer manufactured 
technically.) It fuses with difficulty, but is malleable and can be welded. 
It melts at 1400° and higher. The method of preparation and the con- 
dition in which the malleable iron exists at the conclusion of its manu- 
facture distinguish it as 

A. Fluid Iron. 

B. Weld Iron. 

The first has been melted during its manufacture and is therefore free 
from slag, while the second variety has only been reduced to a pasty form 
and therefore contains slag. When a glowing piece of weld iron is 



iddenly cooled {e.g., by immersion in water) its hardness is uppreciably 
Encreascd, in which case it is called s/eel, otherwise malleable or wrought 
Imh jhg following subdivisions are also known : 



riempered: Fluid slecl. 



111-^ not p 
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(urmpered; Weld steel. 
B. Weld Iron \ iiol perceptibly 

I Icmpercd : Wtoughl irim. 

The hardening is generally influenced by the carbon content; siccl 
SDDEains from a. 6-1.6 per cent, and wrought iron less than 0.6 per cent, 
Pcf carbon. However, the formerly customary distinction between sleel 
and wrought iron on the basis of carbon content alone is no longer ten- 
able, as at present tempered varieties of iron are produced, containing 
very considerable quantities of manganese, nickel, silicon, tungsten, and 
chromium, and very little carbon. 

^fc The clnstiftcation jast given of ihe technically Bvaitaiile kindi of iron vss prepared by 
BBb inlemalional canuaission at the Centennisl EipoBilion in rbiladelpliia (iSju), but it 
Uibftunalely Vaa not been generally adopted. 

Pig iron (crude iron) is always produced in blast furnaces by the reduc- 
tion of its ores ; while wrought iron is rarely made from ores directly, and 
never in blast furnaces. As a rule, wrought iron is manufactured from pig 
iron, as its name would imply. 

Metallurgy of Iron.— The extraction of iron from its oxygen ores is 
based ujwn the reduction of the same by carbon at a red heat. In the 
oldest nieihod, the ores were heated with carbon in forges; in this way 
the excess of air consumed ihe greater portion of the carbon, and the prod- 
uct was an iron poor in carbon, wrought iron, a spongy mass, which was 
then worked under the hammer. The present methods have been de- 
veloped since the l>eginning of the fifteenth century. According to 
these pig iron is first prepared from the ores, and this afterwards con- 
verted into steel or wrought iron. The smelting of the ores is executed 
in large, walled blast furnaces, that jjermit the process to proceed without 
interruption. The furnaces arc filled from openings above, with alter- 
nating layers of coal, broken ore and fluxes containing silica and lime; 
the fluxes facilitate the melting together of the reduced iron. The air 
ncccs.sary for the process is blown into the lower contracted portion of 
the furnace by means of a blowing engine. The combustion of the coal 
produces carbon monoxide, which reduces the iron oxides to metal : 

Fe,0, + 3CO = iFe + jCO^ 

As the reduced iron sinks in the furnace it comes in contact with the 

coal, lakes up carbon and forms cast iron, which fuses as it sinks lower 

. and collects in the hearth of the furnace. Protracted and strong heating 

tconverls the chemically combined carbon iniothegraphiticforra, and thus 

Bteelerates, with the assistance of silicon, the formation oC the ^rs-v cast 
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iron. The earthy impurities of the ores combine with the fluxes to a 
readily fusible slag, which envelops the fused iron and protects it from 
oxidation. 

To convert the cast iron thus produced into wrought iron, carbon must 
be withdrawn from it. In making the wrought iron the cast iron is 
fused in open hearths (refining process), or in reverberatory furnaces 
with air access, and the mass stirred thoroughly until it has become pasty 
(puddling process). In this way almost all the carbon is burned to car- 
bon monoxide and the other admixtures, like silicon, sulphur, and phos- 
phorus, present in small quantities, are oxidized. The wrought iron is 
then worked up by rolling, or under the iron hammers (bar iron). If 
the decarburization be not carried quite as far the product will be steel 
(puddle steel). Such products are not free from slag. Cast iron can be 
changed into malleable iron by annealing. Castings of white iron are 
imbedded in ferric oxide powder and exposed for some time to a red heat. 
A portion of the carbon is lost and malleable iron results. 

Steel can be manufactured from wrought-iron by cementation. The 
iron bars, mixed with fine charcoal, are exposed to a red heat, when the 
iron takes up carbon from the surface inward. The bars are then re- 
forged, again h ated with fine charcoal, and the process repeated until 
the mass becomes as homogeneous as possible (cementation steel). Cem- 
entation is just the opposite of annealing. A more homogeneous steel is 
obtained by refusion in crucibles (cast steel). 

At present, steel is chiefly prepared directly from pig iron, by the 
method invented by Bessemer, in 1855. ^^ consists in blowing air, under 
high pressure, into the molten iron, until the necessary amount of carbon 
has been burned out (Bessemer steel). 

An iron rich in silicon (1.5-2 per cent, silicon) is well adapted for the 
purpose, because by the simultaneous combustion of the silicon the tem- 
perature is considerably increased. The operation is conducted in a 
pear-shaped vessel known as the converter. The air is blown in through 
openings in the bottom. The decarburization by the Swedish method 
only continues to the point where steel is fused. This is better accom- 
])lished by the English method, which removes the carbon so as to con- 
vert the mass into wrought iron, and then it is again carbonized by add- 
ing molten spiegeleisen, or by the addition of coke. 

The Bessemer process originally was only adapted to crude iron con- 
taining as little sulphur and phosphorus as possible (at the highest, 
0.05 per cent, phosphorus), because in this process the phosphorus is not 
consumed, but remains unaltered in the steel. By a slight, yet very 
essential alteration, Snelus (1872) and Thomas and Gilchrist (1878) ren- 
dered it suitable for iron containing much phosphorus. Their process is 
now known as the '* basic process," and consists in lining the converter 
with a basic lining material of burnt dolomite. By contact with this sub- 
stance the iron is completely dephosphorized and the phosphorus changed 
to calcium and magnesium phosphates. 

The basic dephosphorizing method has attained very great importance because all the 
phosphorus contained in iron ores collects in the slag of the converter. The latter con- 
tains as much as 15-20 per cei\l. ot pViospYvoivc «l!c\^ V^xviQi TOjaTj «^tTi\sfevoc««afc^ViiLV 
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A third method (Siemens-Martin) of making steel consists in puddling 
the different varieties of iron together, or with iron ores. Sieniens-Mat- 
tin steel is obtained by fusing pig iron with wrought iron (old iron rails). 
It is much used. Uchatius steel is prepared by fusing granulated pig 
iron together with some iron ore and pyrolusite in graphite crucibles. 



Ordinary iron, even the purest wire, always contains foreign ingredi- 
ents, principally carbon and manganese, and minute quantities of silicon, 
sulphur, phosphorus, nitrogen, nickel, cobalt, titanium and other metals. 
The quantityof manganese is purposely increased (to 33 per cent.), as by 
this means the iron acquires valuable technical properties; it becomes 
more compact and solid. When iron, containing carbon, is dissolved in 
hydrochloric acid the chemically combined carbon unites with hydrogen, 
forming volatile hydrocarbons, while the mechanically admixed graphite 
remains behind. The total carbon is determined by the solution of the 
iron in bromine water or cupric chloride, when all the carbon remains 
behind. 

Ordinary iron rusts rapidly in moist air, or it becomes covered with a 
layer of ferric hydroxide. When ignited in the air it is coated with a 
layer of ferrous-ferric oxide (Fe,0,) which is readily detached. It burns 
with an intense light in oxygen. 

Id contact with a magnet iron becomes magnetic ; steel alone retains 
the magnetism, while cast iron and wrought iron soon lose this property 
after the removal of the magnet. 

Iron decomposes water at a red heat, with the formation of ferrous- 
ferric oxide, and the liberation of hydrogen. 

The metal dissolves readily in hydrochloric and sulphuric acids, with 
evolution of hydrogen ; the latter has a peculiar odor, due to hydrocar- 
bons which are liberated at the same time. Iron dissolves in nitric acid 
with evolution of nitrogen oxides. On dipping iron into concentrated 
nitric acid, and then washing it with water, it is no longer soluble in 
the acid (passive iron) ; this phenomenon is probably due to the produc- 
tion of ferrous oxide upon its surface. 



FERROUS COMPOUNDS. 
These are produced by the solution of iron in acids, and may also be 
obtained by the reduction of ferric salts : 

FcjCl, + Za = aFeCI, -f ZnCl,. 
In the hydrous state they are usually of a green color ; in the air they 
oxidize to fenic salts: 

aFeO -i- O =; ^'Pv 
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Ferrous Chloride, FeCls, crystallizes from aqueous solutions in green 
monoclinic prisms, with four molecules of water. These deliquesce io 
the air and oxidize. Particularly beautiful cr3rstals are obtained by 
exposing an alcoholic solution of ferric chloride in a closed vessel to the 
action of direct sunlight. The alcohol acts as a reducing agent and is 
oxidized to aldehyde (Organic Chemistry). The anhydrous salt is 
formed by conducting hydrogen chloride over heated iron. It is a white 
mass, which fuses on application of heat and sublimes at a red heat in 
white, six-sided leaflets. Its vapor density at 1 300-1 500® corresponds to 
the formula FeCl,, but it appears that at lower temperatures it is also 
possible for the molecules Fe^Cl^ to exist. 

It forms double salts with the alkaline chlorides, e, g. : 

Fea,.2Ka + 2H,0. 

Ferrous Iodide, Fel,, is obtained by warming iron with iodine and 
water. It crystallizes with four molecules of water. 

Ferrous Oxide, FeO, is a black powder, resulting from the reduction 
of ferric oxide by carbon monoxide. When warmed in the air it oxidizes 
readily. Ferrous Hydroxide, Fe(OH),, is thrown out of ferrous solu- 
tions by the alkalies, as a greenish- white precipitate. Ex[>osed to the 
air, it oxidizes, becoming reddish-brown. It is somewhat soluble in 
water, and has an alkaline reaction. 

Ferrous Sulphate, FeSO^, crystallizes with seven molecules of water 
in large, greenish, monoclinic prisms, and is generally called ^^^«wVw/. 
The crystals effloresce somewhat in dry air. They oxidize in moist air, 
and become coated with a brown layer of basic ferric sulphate. At 100® 
they lose six molecules of water, and change to a white powder. The 
last molecule of water escapes at 300°. Therefore, ferrous sulphate 
behaves just like the sulphates of the metals of the magnesium group 
(P- 3^5)- Like them, it unites with alkaline sulphates to double sulphates, 
which contain six molecules of water, <r. g., FeSO^ . K^SO^ + ^^,0. 
These are more stable than ferrous sulphate, do not effloresce, and oxidize 
very slowly in the air. 

The salt FeSO,. (NHJ^SO, + 6Yifi^Mohr's sa/f^'is particularly char- 
acterized by its stability in the air, and is therefore employed to determine 
the strength of the potassium permanganate used in titrations. 

Ferrous sulphate is obtained by dissolving iron in dilute sulphuric acid. 
Commercially, it may also be made from pyrite (FeSj), which by careful 
roasting loses one atom of sulphur, and is converted into ferrous sul- 
phide (FeS), which, in the presence of water, absorbs oxygen from the 
air, and is converted into sulphate, which may then be extracted by water. 

Iron vitriol has an extended practical application ; among other uses, 
it is employed in the preparation of ink, and in dyeing. 

When heated it decomposes according to the following equation: 

2FeS0^ = FcgOj -j- SO3 -f- SO,. 

On this is based the production of fuming Nordhausen sulphuric acid 
(p. ig4), and of colcothar. 
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Ferrous Carbonate, FeCO,, exists in nature as siderite, crystallized 
in yellow-colored rhombohedra, isomorphous with calcite and smithsonite. 
Sodium carbonate added to ferrous solutions precipitates a white volum- 
inous carbonate, which rapidly oxidizes in the air to ferric hydroxide. 
Ferrous carbonate is somewhat soluble in water containing carbon dioxide, 
hence present in many natural waters. 

Ferrous Phosphate, Fe,(POJ, -f 8H,0, occurs' crystallized in bluish 
monoclinic prisms as Vivianite. Precipitated by sodium phosphate from 
ferrous solutions, it is a white amorphous powder, which oxidizes in the 
air. 

Ferrous Sulphide, FeS, is a dark-gray, metallic mass, obtained by 
fusing together iron and sulphur. It is made use of in laboratories for 
the preparation of hydrogen sulphide. If an intimate mixture of iron 
filings and sulphur be moistened with water, the union will occur even at 
ordinary temperatures. Black ferrous sulphide is precipitated from ferrous 
solutions by alkaline sulphides. When the moist sulphide is exposed to 
the air it oxidizes to ferrous sulphate. The alkaline sulphides also pre- 
cipitate ferrous sulphide from ferric salts, but the latter first suffer reduc- 
tion: 

2Fca, -f (NHJjS = 2Fea, + 2NH^C1 -f S, 

and 

FcCl, + (NH J,S = FcS -f 2NH^C1. 
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Ferric Oxiiie^ SesquioxiJe of iron, Fe,0,, exists in nature, in com- 
pact, massive form, as red hematite, and as specular iron, in dark-gray 
metallic rhombohedra. It may be prepared by heating the iron oxygen 
compounds in the air, and is obtained on a large scale by the ignition 
of green vitriol. It is then a dark-red powder {colcothar or caput 
mortuutn) used as a paint and for polishing glass. 

Ferric Hydroxide, Fe(OH),, is precipitated by alkalies from ferric 
solutions as a voluminous, reddish-brown mass. On boiling, it becomes 
more compact, gives up water, and is converted into the hydrate, 
Fe,0(OHX. Many iron ores, like xanthosiderite, Fe,0(OHX, gothite, 
Fe,0,(OH), (isomorphous with diaspore, p. 350), and limonite, 
Fe^O,(OH)g, are analogous compounds. 

Freshly precipitated ferric hydroxide is soluble in a solution of ferric 
chloride or acetate. When such a solution is subjected to dialysis, the 
iron salt diffuses, and there remains a pure aqueous solution of ferric 
hydroxide. All of the latter is precipitated as a jelly from such a solu- 
tion upon the addition of a little alkali or acid. 

Ferrous-ferric Oxide, Fe,0^ = FeO.Fe,0„ occurs in nature crys- 
tallized in black regular octahedra — magnetite. It is abundant in 
Sweden and Norway, and in the Urals. It may be obtained artificially 
by conducting steam over ignited iron (p. 397). Magnetite constitutes 
the natural loadstone. 
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Ferric hydroxide, like other sesquioxides, is a feeble base, and does 
not yield salts with weak acids, like carbonic or sulphurous (p. 269). 

Ferric salts arise by the solution of ferric oxide in acids, or by the 
oxidation of ferrous salts in the presence of free acids (best by chloric 
or nitric acids) : 

. 2Fe§04 -h H,S04 +0 = Fe,(SOJ, + H,0. 

Most of the ferric salts have a yellow-brown color, and are converted 
by reduction into ferrous salts : 

2FeCl, -f H,S = 2FeCl, + 2Ha -f S. 

Ferric Chloride, FeCl,. It is obtained in aqueous solution by con- 
ducting chlorine into a solution of ferrous chloride: 

2FeCl, + a, = 2Fea,. 

The hydrate, 2FeCl, -f 3H,0, remains upon evaporation. It is a yel- 
low crystalline mass, readily soluble in water, alcohol, and ether. When 
heated, it is partly decomposed, hydrogen escapes, and a mixture of 
chloride and oxide remains. 

Anhydrous ferric chloride is produced by heating iron in a current of 
chlorine gas; it sublimes in brownish-green, metallic, shining, six-sided 
prisms and scales, which deliquesce in the air. Ferric chloride boils at 
280-285°. ^^s vapor density between 320-440° closely approximates the 
formula Fe^Cig ; with rising temperature it diminishes gradually, and from 
750-1050° corresponds to the simple formula FeCl,. The vapor, however, 
probably does not consist of these molecules, because at 440° a decompo- 
sition into ferrous chloride, FeCl,, and chlorine commences (Friedel and 
Crafts, Ber. (1888) 21, Ref. 580). Recently the molecular formula FeCl, 
has been found by determining the rise in the boiling point of ethereal 
and alcoholic solutions of ferric chloride. 

Ferric chloride solutions can take up large quantities of ferric hydrate. 
In the resulting, dark-colored solutions ferric hydroxychlorides are 
present : 

n FeCl J -|- niFe,Oj -}- xH,0 (Liquor ferri oxychlorati). 

Ferric Sulphate, Fe,(S0^)3, is obtained by dissolving the oxide in 
sulphuric acid. When its solution is evaporated, it remains as a white 
mass, which gradually dissolves in water, with a reddish-brown color. It 
forms alums (p. 352) with alkaline sulphates, e, g. : 

FcjCSO^),. K,S0^ 4- 24H,0. 
Potassium iron alum. 

Ferric Phosphate, FePO^, is a yellowish- white precipitate, thrown 
out of ferric solutions by sodium phosphate. It is insoluble in water and 
acetic acid. 

Iron Disulphide, FeS,, occurs in nature as iron pyrites, crystallized 
in yellow, metallic, shining, octahedra or pentagonal dodecahedra. It is 
employed in the mannfacuue o^ sn\\A\\\T\c slcX^ ^xv^ ^\^^^ n\\\v:\, '^Vja. 
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artificial sulphide can be prepared in many ways. It leaves ferrous sul- 
phide when it is strongly heated in hydrogen. 



COMPOUNDS OP PERRIC ACID. 

On fusing iron filings with niter, or by conducting chlorine into potas- 
sium hydroxide, in which ferric hydroxide is suspended, potassium fer- 
rate, K^eO^, is produced, and crystallizes from the alkaline solution in 
dark-red prisms. This salt is isomorphous with potassium chromate and 
sulphate. It dissolves quite easily in water; but the dark-red liquid soon 
decomposes with separation of ferric hydroxide and evolution of oxygen. 
The free acid is not known, as it immediately breaks down when liberated 
from its salts. 



CYANOGEN DERIVATIVES OP IRON. 

When potassium cyanide is added to aqueous solutions of the ferrous or 
ferric salts, the cyanides, Fe(CN), and Fe(CN)„ are thrown down as yel- 
lowish precipitates, which decompose rapidly in the air. They dissolve 
in an excess of potassium cyanide to form the double cyanides, Fe(CN),.- 
4KCN and Fe(CN),.3KCN. When acids are added to strong solutions 
of these salts the hydrogen compounds, H^Fe(CN),, and H,Fe(CN), sepa- 
rate. Like the halogen hydrides they are acids and form salts by exchang- 
ing their hydrogen for metals. The iron and the cyanogen group in these 
salts and in the free acids cannot be detected by the usual reagents {e. g., 
the iron is not precipitated by the alkalies). It is supposed that com- 
pound groups of peculiar structure are present in these double cyanides, 
and that they conduct themselves like the halogens. The group, FeCy,, 
in the ferrous compounds is called ferrocyanogen, that of FeCy, in the 
fcrriV, ferricyanogen. (Nothing is known in regard to the molecular 
magnitude of these compounds; Cy = CN). The ferro- behave toward 
the ferri-compounds the same as the ferrous toward the ferric salts; oxi- 
dizing agents convert the former into the latter, and reducing agents 
transform the latter into the former : 



and 



K^FeCCN). -f a = K,Fc(CN). + KQ 
K,Fe(CN). -h KOH + H = K,Fe(CN). + H,0. 



Cobalt, manganese, chromium and the platinum metals afford similar 
cyanides (pp. 377, 407). 

Metmllic add radicals soch as are known to exist in the chromates, manganates, per- 
manganates and ferrates are assumed to be present in the ferro- and ferricyanides. Suck 
radicals, with a basic character, have been encountered : the radicals (W.Cljn 
(Mo|ClJn which play the rdle of a bivalent metal towards the haloffenimtM 
pounds--€falor-tunfi|sten hydroxide and chlor- molybdenum hydroxkle 

All of these radicals have this in common— the metal 
26 




402 INORGANIC CHEMISTRY. 

longer detected by the reagents to which it responds when existing as metal in its salts. 
This it will only do after the radical has been destroyed. If the radicals contain halogens 
they too will behave like the metals. This failure to respond to the usual reagents b an 
indication that the metal or halogen belongs to a compound radical and does not act as an 
independent part in the molecule. As mentioned on p. 270, salts, bases and adds are 
regarded as compounds of two members when they are resolved in aqueous solution into 
two kinds of ions. Numerous transpositions and particularly those of analytical value 
occiur between ions, hence they are briefly termed *'ion reactions.*' Every ion, be it 
simple or compound, is characterized by reactions which belong to it alone and by which 
it is detected. Hence in general we cannot speak of the reactions of the elements, e. g.^ 
of iron, when search is being made for its presence, but we must rather consider the con- 
dition, the combination form, the natiure of the ion, for which the reaction has value. 
There are no general reagents or reactions for iron, but only those for metallic iron, or 
for ferrous, ferric, and ferrocyanide compounds, etc. ; no general reaction for chlorine, 
but only such as answer for free chlorine, hydrogen chloride, chloric acid, perchloric 
acid, etc. — ^reactions of the ions according to the theory of electroljrtic dissociation. This 
is expressed in the following formulas which are divided by lines into their ions : 

FeiCl, K^KFeCy.) HIQ HUCIO.) Mnl(SO.) K,l(MnOJ 
Mo 1 C\ ( MojClJ 1 CI, Cr, I (SO J, K, . (CiOJ. 

Potassium Ferrocyanide, Yellow prussiate of potash, K^Fe(CN)^ 
is produced by the action of potassium cyanide upon iron compounds, or 
upon free iron (in which case the oxygen of the air or water takes part). 
It is prepared commercially by igniting carbonized nitrogenous animal 
matter (blood, horns, hoofs, leather offal, etc.) with potashes and iron. 

In this operation, the carbon and nitrogen of the organic matter com- 
bine with the potassium of the potashes to form potassium cyanide, while 
the sulphur present forms iron sulphide with the iron. (By means of 
alcohol, potassium cyanide can be extracted from the fusion.) Upon 
treating the fusion with water, the potassium cyanide and iron sulphide 
react upon one another, and potassium ferrocyanide results and is puri- 
fied by crystallization : 

FeS -f 6KCN = K,Fe(CN), -|- K,S. 

In Germany, at present, yellow prussiate of potash is manufactured 
exclusively from the material used in purifying gas (p. 105), which con- 
tains the greater part of the cyanogen of the crude gas in the form of 
Prussian blue and ammonium sulphocyanide. The first is transformed 
by lime into ferric oxide and calcium ferrocyanide, which in aqueous 
solution is changed by potassium chloride to calcium chloride and very 
sparingly soluble potassium calcium ferrocyanide : 

Ca2Fe(CN)j + 2KCI = CaKjFe(CN)j + CaCl,. 

Potashes are finally used to convert the insoluble salt into calcium carbon- 
ate and potassium ferrocyanide. 

It crystallizes from water in large, yellow, monoclinic prisms, having 
three molecules of water, and soluble in 3-4 parts of water. The crystals 
lose all their water at 100°, and are converted into a white powder. At a 
red heat the ferrocyanide breaks down into potassium cyanide, nitrogen, 
and iron carbide (FeC,). When the salt is warmed with dilute sulphuric 
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ftcid, half of the cyanogen escapes as hydrogen cyanide ; concentrated 
sulphuric acid decomposes it, according to the following equation : 



^*pot 



K,Fe(CN), + 6H^, + 6H,0 = FeSO, + 2K,SO, + 3(NHJ,S0, + 6CO. 



I 






When strong hydrochloric acid is added to a concentrated solution of 
tassium ferrocyanide hydrogen ferroeyanide, H,FeCy,, separates as a 
white crystalline powder, which soon turns blue in theair. It is an acid. 
Its salts with the alkali and alkaline eanh metals are very soluble in water. 
The sodium salt crystallizes with difficulty. The salts of the heavy melals 
are insoluble in water, and are obtained by double decomposition. When 
potassium ferrocyanide is added to the solution of a ferric salt a dark- 
blue cyanide 

F=,CCt)u - {Fe,),(FeCy.),. 

called Pruiiian blue, is precipitated : 

3K.FeCr. + 4Fc,a. = (Fe,).(FeCy,). + 12KCI. 

This color was discovered accidentally by Dicabach, of Berlin, in 1704. " 
It is the ferric salt of hydroferrocyanic acid; and if potassium or [ 

sodium hydroxide is poured over it, it is converted into ferrocyanide of 

potassium and ferric hydroxide : 

VI VI 

tFe,),(FeCy,), + llKOII ^ jK.FeCy, + 4Fe(0HV 

Potassium ferrocyanide produces a reddish-brown precipitate of cop- 
per ferrocyanide, Cu,FcCy,, in copper solutions; and in ferrous solutions a 
while precipitate, which on exposure to the air rapidly becomes blue in 

Jor. 



Oxidizing agents convert the fcrro- into potassium ferri cyanide, 
JLl-'cCy,, red pmsiiate of potash. This conversion is most conveniently 
effected by conducting chlorine into the solution of the yellow prussiate: 

aK.FeCy, + O, = »K,FcCy« Y aKO. 

The quadrivalent ferrocyanogen group, FeCy,. is then changed to the 
trivalent ferricyaiiogen group, FeCy, (p. 401). Cy ;= CN. 

The red prussiate crystallizes from water in red rhombic prisms. The 
free hydroferri cyanic acid, H,Fe(CN)„ is precipitated upon the addition 
of concentrated hydrochloric acid. It is rather unstable. 

With ferrous solutions potassium ferricyanide yields a daik-blue pre- 
cioitate, FCjCy,, r= Fe,Fe,Cyi„ very similar to Prussian blue, and called 

rmMl-ililut: 
sKjFeCy, + 3FeSO, = Fe.Cy,, + 3K,SO,. 
w lar u iu fonnalion is concerned, Tumbull's blue is [he fcrTous u)t of bydrofen 
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ferricyanide and ferrous hydroxide, which are produced at first, ate transposed by the 
alkali into potassium ferrocyanide and ferrous-ferric hydrate : 

2Fe(CN),K, 4- 2KOH -f 3Fe(0H), = 2K,Fe(CN). + 2Fe(0H), -f Fe(OHV 

Very probably in the precipitation potassium ferricyanide and the ferrous salt transpose 
into potassium ferrocyanide and a ferrous- ferric salt ; then Tumbull's blue would hate to 

III II IV 

be regarded as the ferric -ferrous salt of hydroferrocyanic acid — Fe^e[Fc(CN)J^ Tvn- 
buirs blue is the principal constituent of x:ommercial Prussian blue, which also oootains, 
because of its preparation from impure materials, ferriferrocyanidey Fef(CN)0. The 
latter largely comprises Parisian blue. 

Potassium ferricyanide does not cause precipitation in ferric solutions. 

By these reactions, ferric salts may be readily distinguished from the 
ferrous. Potassium sulphocyanide (KCNS) produces a dark- red colora- 
tion in ferric solutions, while it leaves the ferrous unaltered. 

Iron, like nickel (p. 233), combines with carbon monoxide to a vola- 
tile, gaseous body — Iron Carbonyl [Mond and Quincke, Ber. (1891) 
24, 2248; Berthelot, Compt. rend. (1891) iia, 1343], which, from its 
composition, is probably Iron Tetracarbonyl, Fel^CO)^. Thissubstance 
is produced by conducting carbon monoxide over very finely divided 
iron at 40-80^, or under a pressure of eight atmospheres [Roscoe and 
Scudder, Ber. (1891) 24, 3843]. It is decomposed with the formation 
of an iron mirror when it is passed through a glass tube heated to 200- 

350°. 

Iron peniacarbonyl^ Fe(CO)5, and hfptacarbonyl^ Fe,(CO)T, have been prepared. 
The Brst is a yellow liquid, boiling at 103°, from which the second separates, on expos- 
ure to the light, in golden crystals. Carbon monoxide is evolved at the same time. 



2. NICKEL. 

Ni = 58.7.* 

Nickel exists in native condition in meteorites; its most important 
ores are niccolite, NiAs, and gersdorffite, NiS,. Ni As, (constituted like 
cobaltite). The arsenical ores are now of little importance in the nickel 
industry. The chief sources of the metal are at present nickeliferous 
phyrrotite and the nickel silicates (Canada, Norway and New Caledonia). 
Garnierite — a New Caledonian mineral— a silicate, containing also iron, 
calcium and magnesium, may be especially noticed in this connection. 
Nickel is almost always accompanied in its ores by cobalt, and ifice versd, 
cobalt usually by nickel. The isolation of the latter from its ores and 
from speiss-cobalt (p. 406) is very complicated. Nickel usually appears 
in commerce in cubical forms, which in addition to the chief ingredient 
always contain some copper, bismuth, and other metals. Chemically 
pure nickel is procured by igniting the oxalate in a current of hydrogen. 
Nickel is almost silver-white in color and is very lustrous, and very 

* See Th. W. Richards and A. S. Cushman, Z. (. ctXiot^. C\ve,m. lo (^iS<y^\, ^^2, 
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tenacious. Its specific gravity varies from 8.8 to 9.1. It fuses at a sonie- 

haC lower temperature than iron, and like it is attracted by the magnet. 
It is Dot altered in the air; it dissolves with difficulty in hydrochloric and 
sulphuric acids, but readily in nitric acid. 

Its derivatives are almost exclusively of the out form, NIX,; nickellc 
oxide behaves like a peroxide, and does not form curres|K)nding salts, 

Nickelous Hydroxide. Ni(OH)„ is a bright green precipitate pro- 
duced by alkalies in nickelous solutions. It dissolves in ammoDtuui 
hydroxide, with a blue color. When heated it passes into gray nickelous 
oxide. NiO. 

Nickelous Chloride, NiCI, -|- 6H,0. consists of green, monnclinic 
prisms. When heated they lose water and become yellow. 

Nickelous Cyanide, Ni(CN)„ is precipitated by potassium cyanide 
as a green-colored mass from nickel solutions. It is soluble in excess of 
the precipitant. The double cyanide, NiCy,.2KCy + H,0. crystallizes 
from the solution. This salt is readily decomposed by acids. Cyanogen 
compounds of nickel, constituted like those of iron and cobalt, are not 
known. 

Nickelous Sulphate, NiSO, -f 7H,0, api^ars in green, rhombic 
prisms, isomorphous wilh the suljihaies of the magnesium group, and 
forms analogous double salts. 

Nickelous Sulphide, NiS, is precipitated, black in color, by alkaline 
sulphidi*s from nickel solutions. 

Nickelic Oxide, Ni.O, and Hydroxide, Ni,{OH),. are perfectly 
similar to the corresponding cobalt salts; when warmed with hydrochloric 
acid they liberate chlorine. 

Nickel Tetracarbonyl, Ni(CO),, see pp. 234, 404, 

Nickel is used for certain alloys, Argentan consists, ordinarily, of 50 
percent, of cop[)er, aj percent, of nickel and 15 I>ercent. of zinc. The 
while color, the hardness and the power of receiving a higher polish in- 
crease #ilh the increase in the nickel content. The iron-nickel alloys 
have great technical importance (nickel steel). The German nickel 
coins in which we have evidence of the great coloring power of nickel 
consist of 75 per cent, of copper and 15 per cent, of nickel. Nickel 
alloys are u.ied to make electrical resistances ; iheir conductivity Is slight 
Jind little depends on this at the ordinary temperature (»«rt»wa»/ii.' 84 
^)er cent, of copper, 4 per cent, of nickel, iz |ier cent, of manganese; 
tanslanlan: 60 per cent, of cop|>er, 40 i>er cent, of nickel, etc.). At 
nesent, cast-iron ware is coated with a layer of nickel to prevent it from 
listing and to imjart to it a Iwautiful white surface. This is accomplished 
Ifcy electroplating, or by boiling the iron ware in a solution of zinc 
I chloride and nickel sulphate. 

In the electrolytic method a solution of the double sulphate of nickel 
md ammonium is employed ; the positive electrode consists of a pure 
nickel plate, while the object to be coated forms the negative electrode. 
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3. COBALT. 

Co = S9* 

Cobalt occurs in nature as sraaltite (CoAs,) and cobaltite (CoAs,. CoS|). 
The metal is obtained by the ignition of cobaltous oxide with carbon, or 
in a current of hydrogen. It has a reddish-white color and strong luster, 
is very tenacious, and fuses with difficulty. Its specific gravity is 8.5. It 
is attracted by magnets, but to a less degree than iron. It is not altered 
by the air or water. It is only slightly attacked by hydrochloric and 
sulphuric acids ; nitric acid dissolves it readily, forming cobaltous nitrate. 

The predominating compounds have the form CoXt, and are called 
cobaltous. They are very stable, and generally isomorphous with the 
corresponding ferrous salts. The hydrous cobaltous compounds have a 
reddish color, the anhydrous are blue. 



COBALTOUS COMPOUNDS; 

Cobaltous Chloride, CoCl,, is obtained by the solution of cobaltous 
oxide in hydrochloric acid, and crystallizes with six molecules of water 
in red monoclinic prisms. When heated, it loses water, and becomes 
anhydrous and blue in color. Characters made with this solution upon 
paper are almost invisible, but when warmed they become distinct and 
blue (sympathetic ink). 

Cobaltous Hydroxide, Co(OH)„ is a reddish precipitate produced 
by the alkalies in hot, cobaltous solutions. When exposed to the air, it 
is colored brown by oxidation. Basic salts are precipitated from cold 
solutions; these dissolve with a blue color in an excess of concentrated 
alkalies. When heated out of air contact, the hydroxide passes into 
green cobaltous oxide, CoO. 

Cobaltous Sulphate, CoSO^ + 7H,0, crystallizes in dark-red 
monoclinic prisms; the hydrated sulphate, CoSO^ + 6H,0, separates 
from hot solutions. It is isomorphous with ferrous sulphate, and yields 
double salts with alkaline sulphates (p. 398). 

Cobaltous Nitrate, Co(NOj), + 6H,0, forms red deliquescent 
prisms. 

Cobaltous Sulphide, CoS, is a black precipitate, produced in neu- 
tral cobalt solutions by alkaline sulphides. It is insoluble in dilute 
acids. 

Cobalt Silicates. — When glass is fused with a cobalt compound it is 
colored a dark blue, and when reduced to a powder is used as a pigment 
under the name of smalt. 

Smalt is prepared commercially by fusing cobalt ores with potashes and quartz. The 
cobalt forms a silicate (smalt) with the silica and potassium, while the other metals, such 
as bismuth, arsenic, and especially nickel, accompanying it in its ores, are thrown out as 
a metallic mass. This is called speiss-cobalt and serves for the preparation of nickel. 

* See CI. W'mk\eT, Z. i. bltvot^. Ox. \i V\'^^, i^^. 



) On igniting cobalt oxide, Co,0,, with alumina, a dark-blue mass i 
|roduced — (obaU ullramarine or Thiaard's blue. When zinc oxide aii( 
^balt oxide arc ignited a green color— ^^«« cinnabar or Rinmann' 
—is obtained. 



COBALTIC COMPOUNDS. 
_ Cobaltic Oxide, Co,0,. is left as a black powder on ihe ignition of 
cobalious nitrate, It becomes cobaltoiis-cobaltic oxide, Co,0„ at a red 
heat, and cobaltous oxide at a white heat. The hydroxitie, Co,(OH),, 
se[>arates as a dark-brown powder, if chlorine be passed through an alka* 
line solution containing a cobalious sail. 

A colaltotis salt is produced and oxygen set free, when sulphuric acid 
acts u|>on the oxide or the hydroxide. Chlorine is generated when ii 
heated with hydrochloric acid : 

Cq,0, + 6HCI = iCoCT, + 3H,0 + O^ 

The cobaltic hydroxide dissolves in dilute, cold hydrochloric acid, 
with scarcely any liberation of chlorine ; the solution probably conl! ' 
cobaltic chloride, CoCI,, which decomposes into cobaltous chloride and 
chlorine on evaporation. 

Cobaltous-cobaltic Oxide, Co,0, = Co,0,.CoO, corresponding! 
to magnetite, Fe,0„ is formed upon the ignition of the oxygen cobalt J 
" rivatives in the air, and is a black powder. 
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It is noteworthy that cobalt is capable of yielding complex derivatives 
m which it appears to be in union with the groups NO,, CN or NH„ 
forming peculiar radicals. One of the most interesting of these is 

itassiuR) cobaltic nitrite (Fischer's salt). 

When potassium nitrite, KNO„ is added to a cobaltous solution acidi- _ 

' with acetic acid, nitric oxide is set free, and in course of time I 

Co(NO,),.3KN0,+ nH,0, I 

a double salt, separates as a yellow crystalline powder. This should be I 

viewed as the potassium salt of a hydronitroso-cotialtic acid : I 

H,Cn(NO,V I 

This reaction is very characteristic for cobalt, and serves to separate it I 

irom nickel. I 

L Ainmonia-cobalt Compounils. — Numerous coliallaminrs are kimwa. On adding 'I 

Kmrnanium hydroxide lo i cobaliouschloride solution, Ihc precipitate tiral Tunned difsolra I 

Hp the etreu of the reageni, and when tills liquid ii penuiUed to Hand expotcd to (he ur, J 

Bbe color, which h, brown at Tint, grailually pa»es into red. On adding contenlrBted I 

Hjifdrochloric acid lo ihis snluiion, a lirickred, crystalline powder, of liie composition I 

B Co,CI,.toNH, + iHjO, I 
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called roseocobaltic chloride^ is precipitated. If, however, the red solution be boiled wit& 
hydrochloric acid, a red powder, purpureocobaltic chloride^ 

COjClg. loNH,, 

separates out. If the ammoniacal red solution contain much ammonium chloride, hjdro- 
chloric acid will precipitate a yellowish-brown compound — luUocobaUic chloride^ 

Co^Cle- 12NH,. 

These derivatives are supposed to contain compound basic radicals in which cobal!, halo- 
gens and ammonia are all present. 

The other salts of cobalt, such as the sulphate and nitrate, yield similar compounds, f,g. : 

Coj(NO,),. loNH,, 
roseocobaltic nitrate. 

Cyanogen Cobalt Compounds. — In solutions of cobaltous salts, potassium cyanide 
produces a bright brown precipitate of cobaltocyanide, 

Co(CN)„ 

soluble in an excess of the reagent The solution absorbs oxygen from the air, and is 
converted into potassium eoialticyanide, 

K,Co(CN)^ 

corresponding to potassium ferricyanide. When the solution is evaporated the cobalti* 
cyanide crystallizes in colorless rhombic prisms, very soluble in water. Sulphuric add 
precipitates hydrogen cobalticyanide, 

H,Co(CN)„ 
from the concentrated solution. This acid crystallizes in needles. 



GROUP OF THE PLATINUM METALS. 

Besides platinum, this group comprises palladium, rhodium, ruthenium, 
osmium, and iridium — the constant companions of the first in its ores. 
On p. 392 we observed that these metals are divided into two groups: 
i\\Q group of light platinum metals ^ and the group of heavy platinum metals. 
The latter have higher atomic weights and specific gravities: 

Ru, 101.7 Rh, 103.0 Pd, 106 Os, 191 Ir, 193.0 Pt, 194.8 
Sp. gr. ** 12.3 ** 12.1 ** II. 5 ** 22.48 ** 22.4 ** 21.5 
At. vol. *« 8.3 " 8.6 " 9.1 *« 8.4 " 8.6 •• 9.0. 

The relations of the metals of these two groups to each other are per- 
fectly similar to those of the iron group. Osmium and ruthenium, like 
iron, have a gray color, fuse with difficulty, and are readily oxidized in 
the air. Palladium and platinum, on the other hand, have an almost 
silver-white color like nickel, are more easily fusible, and are not oxidized 
by oxygen. In chemical respects osmium and ruthenium, like iron, also 
show a metalloidal nature, inasmuch as their highest oxygen compounds 
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form acids. Their derivatives show a complete parallelism with ihose of 



Us,0. 



Ku,0, 



(0»0.1 



iRuO.) 
Kulhcnfum 



»11 
OsC 
•SS 
KuC 
Rulhfii 
The acid oxides OsO, and RuO, are unknown, but the corresponding 
acids, H,OsO^ (osmic acid) and H,RuO^ (nithenic acid), and their salts 
have t)een obtained. Besides the derivatives already mentioned we tind 
that osmium and ruthenium are capable of siill higher oxidation, yielding 
OsO,. per-osmic anhydride, and RuO,, per-ruthcnic anhydride — which is 
not the case with iron; in these compounds the meials appear to beoclads, 
yet these oxides do not form corres|>onding acids or salts. 
Rhodium and iridium, like cobalt, do not yield acid-like derivatives. 
, Their salts correspond to the forms : 



» 



The rhodic compounds are the more stable derivatives. 

Palladium and platinum, finally, are relatively of more basic nature, as 
heir ous derivatives, PdX, and PiX,, are proportionally more stable than 
he ic forms, PdX, and PtX,. Palladium also forms a lower oxide, palla- 
lium suboxide, Pd,0, in which it approaches silver. 



K 



The platinum metals are found in nature almost exclusively in the so- 
called platinum ore, which usually occurs in small metallic grains in accu- 
mulated sands of a few regions (in California, Australia, the island of 
Sumatra, and especially in the Urals). The platinum ore. like that of 
gold, is obtained by the elutriation of the platiniferous sand with water, 
whereby the lighter particles are carried away. Platinum ore usually con- 
ilwiis 50-80 percent, of platinum, besides palladium (to i per cent,),irid- 
l|iim do 7 per ccul.), osmium (ij^ per cent.), and ruthenium (ij^ per 
bent.), and different other metals, as gold, cop[)cr, and iron. 

The separation of the platinum mttnts is generally executed in the fol- 
lowing manner: The gold is first removed by dilute aqua regia. Then 
iheore is treated with concentrated aqua regia, when platinum, palladium, 
rhodium, ruthenium, and a portion of iridium are dissolved. Metallic 
grains or leaflets, an alloy of osmium and iridium — platinum residues — 
remain. Ammonium chloride is then added to thesolution and platinum 
and iridium precipitated asdouhle salts. When the precipitate is ignited, 
a spongy mass of iridiuni-bearing platinum (platinum sponge) is obtained, 
iphich is applied directly in the manufacture of platinum vessels. The 
~ tered solution from the insoluble chloridescontatus ua.lUdi«.KV,^b.Qd\.>Ha. 



I 
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and ruthenium, which are thrown down as a metallic powder by iron; 
their further separation is then effected in various ways. 

Formerly spongy platinum was employed almost exclusively for the 
manufacture of platinum objects ; it was pressed into moulds, then ignited 
and hammered out. Now the fusibility of platinum in the oxyhydrogen 
flame is resorted to, and the fused metal run into moulds. 

Platinum containing both iridium and rhodium may be Aised directly 
out of the platinum ore by means of the oxyhydrogen blowpipe. The 
greater portion of the osmium and ruthenium is consumed in this opera- 
tion. The presence of iridium and rhodium makes platinum harder and 
less readily attacked by many reagents. 



RUTHENIUM AND OSMIUM. 

RU ~ IOI.7. OS a 191. 

Ruthenium, discovered by Gaus in 1845, has a steel-gray color ; it is rcrj hard, brittle, 
and difficultly fusible (at about 1800°). When pulverizMl and ignited in the air it oxidiies 
to RuO, Ru^O, and RuO,. It is insoluble in acids, and only slowly dissolved by aqua 
regia. When fused with potassium hydroxide and nitrate, it forms potassium rutbenate, 
KjRuO^. 

Ruthenium heated in chlorine gas yields ruthenium dUhloride^ RuCl,, a black pow- 
der, insoluble in acids. The trichloride^ RuCl,, is obtained by the solution of Ra,(OH), 
in hydrochloric acid, and is a yellow, crystalline mass, which deliquesces in the air. It 
yields crystalline double chlorides with potassium and ammonium chlorides, e. *g,^ 
RuClj.KCl. The tetrachloride ^ RuCL, is only known in double salts. Ruthenioui 
oxidCy RuO, the sesquioxide, Ru^O,, and dioxide, RuO^, are black powders, insoluble in 
acids, and are obtained when ruthenium is roasted in the air. 

The hydroxides^ Ru,(OH)g and Ru(OH)^, are produced by the action of the alkalies 
upon the corresponding chlorides, and are very readily soluble in acids. Ruthenic acid, 
HjRuO^, is not known in a free condition. Its potassium salt, KfRuOi, is formed bj 
fusing the metal with potassium hydroxide and niter pr by digesting the tetroxide with 
dilute alkali at 60° until the evolution of oxygen ceases : 

RuO^ -f 2KOH = KjRuO^ -f H,0 -f O. 

It crystallizes in black prisms with a green luster. It contains one molecule of water of 
crystallization. It absorbs moisture and carbon dioxide with avidity from the air. Its 
deep orange-red, dilute, aqueous solution gradually, on exposure to the air, becomes 
green and a perrulhenate results. At the same time a black oxide of the formula Ru^Oj 
separates. This decomposition is more rapid when the solution is acted upon with car- 
bon dioxide, dilute acids, chlorine or bromine. Potassium ruthenate therefore behaves 
like potassium manganate (p. 390). When chlorine is conducted through a concentrated 
solution of potassium ruthenate, or when ruthenium is roasted at 1000° in a current of 
oxygen, ruthenium tetroxide, RuO^, and dioxide are formed. By the chlorine method 
it volatilizes and may be collected in a well-cooled receiver. It consists of a gold-yellow 
crystalline mass. It fuses at 25.5°, therefore in the hand, to a deep orange-red colored 
liquid. It readily sublimes in large, yellow transparent crystals with an orange-yellow 
reflex. At the ordinary pressure it does not boil at I06**, but it decomposes with ex- 
plosion at 108*'. It can be gasified without decomposition under diminished pressure. 
Its vapors then correspond to the formula RuO^. The tetroxide dissolves slowly in 
water with a golden-yellow color, but does not yield a hydrate. Black compounds of 
varying composition separate from this solution. Potassium perruthenate^ KRuO^, is 
formed along with the more so\ub\e Tul\ieuale otvaA'^xi'^^^VtXxaiA^^Vci^asi^':.^*^^ 
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It crystallizes in black octahedra with metallic luster ; they dissolve in water with a deep- 
green color [see Debny and Joly, Jahresber. der Chemie (1888), 669, 672]. 

Osmium is very much like ruthenium. It is not even fusible in the oxyhydrogen 
flame ; it only sinters together. According to Violle it fuses at 2500^. Of all the plati* 
nmn metals it is the most difficult to fuse, but is the most easily oxidized. Compact 
osmium is the heaxnest metal specifically (specific gravity 22.48) and is insoluble in aqua 
regia. Reduced to a fine powder it will bum when ignited in the air to OsO^. Nitric 
add and ^qua regia convert it into the same oxide. The compounds, OsCl, and OsO, 
OsO, and Os^O}, OsO, and OsCI^, are very similar to the corresponding ruthenium deriva- 
tives. By fusion with potassium hydroxide and niter we get potassium osmate^ K^OsO^, 
which crystallizes from aqueous solution with two molecules of water in dark-violet octa- 
hedra. The most stable and a very characteristic derivative of osmium is the tetroxide^ 
OsOi, which is produced by igniting the metal in the air, or by the action of chlorine on 
osmium in the presence of water. It crys^izes in large colorless prisms, which fuse 
below 100^ and distil at a somewhat higher temperature. It has a very sharp, piercing 
odor (60/11^, odor), similar to that of sulphur chloride. It dissolves slowly but copiously 
in water ; the solution is not acid. Reducing and organic substances precipitate pulveru- 
lent osmium from it This is the basis of its application in microscopy. 

OsO^ and RuO^ do not afford corresponding salts. 



RHODIUM AND IRIDIUM. 

Rh a X03.0. Ir = I93-0. 

These metals are lighter in color and are more easily fusible than ruthenium and 
osmiunL (Iridium fuses at 1950^. ) When pure they are not attacked by acids or aqua 
n%ia ; but dissolve in the latter when alloyed with platinum. 

Rhodiumy discovered by Wollaston in 1803, forms three oxides : 

RhO, Rh,0, and RhO„ 

of which the second forms salts with acids. RhO, results when rhodium is heated with 
niter. 

Of the chlorides only RhClg isknown. It results when the metal is heated in chlorine 
gas. It is a brownish-red mass. It forms readily crystallizing, red-colored (hence its 
name, from /Moc/c* rose-red) double salts with alkaline chlorides. 

Iridium^ discovered in 1804 by Tennant, has perfectly analogous derivatives : 

IrO, lr,0„ IiO„ and IrCl,, IrO,, IrQ^. 

The sesquichloride^ \xj<l\^ formed by heating iridium in chlorine, is an olive -green, 
crystalline mass, insoluble in water and acids. It affords double salts with the alkaline 
chlorides, e,g, : 

KjItCl, + 3H,0, 

which crystallizes from water in green or brown crystals. They are also produced by 
the action of sulphur dioxide upon the double salts of hydrochloridic acid. 

Iridium Tetrachloride, IrCl^, is produced in the solution of iridium or its oxide in 
aqua regia, and remains, on evaporation, as a black mass, readily soluble in water (with 
red color) to hydrochloriridic acid : 

HJrCl.. 

When alkaline chlorides are added to the solution double chlorides are precipitated, e.g, : 

(NHJjIrCl^ K,IrCl^ 
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isomorphous with the corresponding double chlorides of platinum. When a solntioo of 
IrCl4 is boiled with caustic potash, Ir(OH)4 will be precipitated. The name iridimm 
alludes to the differently colored compounds yielded by the metaL 



PALLADIUM. 

Pd = io6. 

Palladium, in addition to occurring in platinum ores, is found alloyed 
with gold (Brazil), and in some selenium ores (Hartz) ; it has a silver- 
white color, and is somewhat more fusible (at about 1400^) than platinum. 
When finely divided it dissolves in 'boiling concentrated hydrochloric, 
sulphuric, and nitric acids. When ignited in the air it at first becomes 
dull by oxidation, but at a higher temperature the surface again assumes 
a metallic appearance. It was discovered in 1803 by Wollaston and 
named after the planet Pallas^ which had been found shortly before. 

Palladium absorbs hydrogen gas (occlusion) to a much greater extent 
than platinum or silver. Freshly ignited palladium leaf absorbs upwards 
of 370 volumes of hydrogen at ordinary temperatures, and about 650 
volumes at 90-100°. A greater absorption may be effected at ordinary 
temperatures in the following manner: 

Water is decomposed by the electric current, palladium foil being used 
as a negative electrode. The liberated hydrogen is then taken up by the 
palladium (to 960 volumes) ; the metal expands (^ its volume), becomes 
specifically lighter, but retains its metallic appearance entire. Accord- 
ing to the investigations of Debray, the compound Pd^H, is produced, 
which contains dissolved hydrogen, and deports itself similarly to an 
alloy. Recent investigations show that palladium hydride is a so-called 
''solid solution*' of hydrogen in palladium (pp. 46, 256). Palladium 
charged with hydrogen usually remains unaltered in the air, and in a 
vacuum ; it, however, sometimes becomes heated in the air, as the hydro- 
gen is oxidized to water. The same occurs when palladium hydride is 
heated to 100° ; /// vacuo y all the hydrogen escapes as gas. Palladium 
hydride is a strong reducing agent, like nascent hydrogen. Ferric salts 
are reduced to the ferrous state; chlorine and iodine in aqueous solution 
are converted into hydrochloric and hydriodic acids. 

Palladium black absorbs hydrogen more energetically than the compact 
variety (at 100° upwards of 980 volumes). This substance is obtained by 
the reduction or electrolysis of palladic chloride. If palladium sponge 
be heated in the air until the white metallic color becomes black, in con- 
sequence of the superficial oxidation, it will absorb hydrogen very ener- 
getically at ordinary temperatures, and partly oxidize it to water. 

When palladium-sheet or sponge is introduced into the flame of a 
spirit-lamp, it is covered with soot ; this is due to the fact that the 
metal withdraws the hydrogen of the hydrocarbons, and carbon is set 
free. 

There are two series of palladium compounds: X\it paiiadious, PdX,, 
and palladic^ PdX^. The first are well characterized and are distinguished 
by their stability. 
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s as a brown, deliquescent mase, 
a aqua regis, it yields ca§ily 
ecliloridcs, <•-/., PdC"l,.aKCi 

IS by 



Palladious Chloride, ?dCl„ remai 

on evaporating ihe soluiion of palladiu 
soluble crystalline double salts, with alkalin 
= K,PdCI,. 

Palladious Iodide, Pdl„ is precipitated fruni palladious solutioi 
potashiiiin iodide as a blaclc mass, insniiihle in water. As palladium i 
ride and bromide arc very soluble in water, |ialladium sails can Iwhm 
detect iodine in llie presence of hydrobromic or bydroclilonc arid. 

Palladious Oxide. PdO, is a black residue left ii|ion caicful ign 
of the nitrate. It is difficultly soluble in acids. WIilh heated, it loses 
oxygen, and forms paliaiiiutit suioxuie, l'd,0. 

When palladium is dissolved in sulphuric or nitric acids, the corre- 
sponding salts arc produced. 

The sulphate, PdSO, -f- iH,0, is composed of brown crystals, readily 
solublf in water. Much of the latter decomposes it. 

Palladic Chloride, PdCi,, HydnHhlorpalladu And, H,PdCl„ is 
formed when the metal is dissolved in aqua regia. They decumiiose, on 
evaporation, into I'dCl, and CI,, When potassium or Btnronntum chlo- 
ride is added to their solutions, red-colored difficultly soluble double 
chlorides crystallize out; they are analogous to the corresponding salts 
oTplatiDum. 

|....,.„ 

^Hfec Mybusand Focrsler, Bcr. 25 (1893J, 665.) 'Hie metal lias a grayisfl 
^^iljitecolor, and a specific gravity of 31.4. It is very tough and malleable, 
and may be drawn out into very fine wire and rolled into foil. At a high 
heat it softens without melting, and may be easily welded. It fuses in 
theoxyhydrogen flame (at about 1770° — Violle), and is somewhat volatile. 
On fusion, it alworbs oxygen, which it gives np again on cooling (like 
silver). At ordinary temperatures, it also condenses hydrogen and 
oxygen upon its surface; as foil and sponge, but very few volumes; as 
platinum black, nl>oui 100 limes its volume of oxygen and 310 times its 
volume of hydrogen. Two hundred volumes of the latter form water 
with ihc oxygen always present in lhes|>ongc (Z. f. anorg. Ch. 10 1 1895), 
1 78). Thtse gases are fully expelled at a red heat. Platinum sponge is 
obtained 3.S a fine black powder, if reducing sulistances, like zinc, be added 
to solutions of platinic chloride or U])on boiling the solution with sugar 
and sodium carbonate; it remains on the ignition of PiCl,. 3NH.CI. The 
]>rodtiction of varimis reactions is doe to the power of platinum to con- 
dense oxygen ; thus hydrogen will inflame in ihe air, if it iw conduclcd 
upon platinum sponge; sulphur dioxide combines with oxygen at 100" 
to form the trioxide. At a red heal platinum permits free passage to 
hydrogen, while it is not permeable by oxygen and other gases (p. 93), 

Platinum is not attacked by acids ; it is only soluble in liquids gener- 
ating free chlorine, f. g. , aqua regia. In consequence of this resistance 



PLATINUM. 

I from the ore was described on p. 409. 
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to acids, and its unalterability upon ignition, this metal answers as an 
undecomposable material for the production of chemical crucibles, dishes, 
wire, etc. The usual presence of iridium in ordinary platinum increases 
its durability. 

The alkaline hydroxides, sulphides, and cyanides attack it strongly at 
a red heat. It forms readily fusible alloys with phosphorus, arsenic, and 
many heavy metals, especially lead, and many heavy metals are reduced 
from their salts by platinum. Therefore such substances must not be 
ignited in platinum crucibles, etc. 

Platinum, like palladium, forms platinous, PtX,, and platinic^ PtX^, 
derivatives ; in the first it is more basic, in the latter more acidic. 

Platinic Chloride, PtCl^, is obtained by the solution of platinum in 
aqua regia, and when the liquid is evaporated with an excess of hydro- 
chloric acid, hydrochiorplatinaU, 

PtC1^.2Ha = H,Pta^ 

crystallizes with six molecules of water in brownish-red, deliquescent 
prisms. It forms characteristic double chlorides, 

Pta^.aKa, 

with ammonium and potassium chlorides. They are the chlorpiatinates. 
Formerly they were considered double salts. They are difficultly soluble 
in water; hence, on mixing the solutions, they immediately separate out 
as a crystalline yellow powder. Ignition completely decomposes the 
ammonium salt, leaving spongy platinum. 

Platinum chloride yields similar insoluble salts with the chlorides of 
rubidium, cassium, and thallium, while that with sodium, 

NajPtCl. -h 6H,0, 

is very soluble in water. Platinum may be very readily separated from 
other metals by recrystallizing the sodium salt from hot water rendered 
alkaline by soda (Finkener). 

On adding sodium hydroxide to platinic chloride and then supersatu- 
rating with acetic acid, there separates a reddish-brown precipitate of 
platinic hydroxide, Pt(OH)^. This dissolves readily in acids (excepting 
acetic), with formation of salts. The oxygen salts, as Pt(SO^),, are very 
unstable. The hydroxide has also an acidic character {^platinic acid), 
and dissolves in alkalies, yielding salts with them. These, also, result 
on fusing platinum with potassium and sodium hydroxide. The barium 
salt, 

is precipitated from platinic chloride, by barium hydroxide, as a yellow, 
crystalline compound. The acidic nature of its hydroxide allies platinum 
to gold. If hydrogen sulphide be conducted through platinic solutions, 
black platinum disulphidcy PtS^, is precipitated ; it is soluble in alkaline 
sulphides, with formation of sulpho-salts. 

Platinous Chloride, PtCI,, is a green powder, insoluble in water, 



ll forms double salts ] 



SPtCrkUM ANALVSiS. 



remaining after heating platinic chloride to i 
with alkaline chlorides, f. g. ■ 

PiCl,.aN«a. 

When digested with polsssium hydroxide it yields the hydroxide, 
Pi(OH),. 

Cyanogen Compounds, — Like cobalt, platinum forms double cy- 
anides corresponding to the fcrrocyanides. Wlieu platinotis chloride is . 
dissolved in potassium cyoiiide platinum polassium cyaniiU, K,Pt(CN), -|- 
4H,0, crystallizes on evaporation in large prisms exhibiting magnifiLcnt ' 
dichroism; in tranamiltcd light they are yellow and in reflected light ' 
blue. This salt must be viewed as the potassium compound of kyilrv- | 
plattHo-eyanic aeid, H,Pt(CN),, When separated from its sails it crys- 
tallizes in gold-yelluw needles. Its salts with heavy metals are obtained I 
by double decomposition, and all show a beautiful play of colors. The ] 
barium salt, barium plat i no-cyanide, BaPt(CN), -f 4H,0, is used to ' 
render the Rontgen rays visible. 



Platinum -ammonium Compounds.— There is a whole series of 
bese, which must lie viewed as platinum bases and their salts. They arc 
lonstjiiiied according to the following empirical formulas : 
{a) Platosamines l platinuus series) ; 

riR,(NH,)i PlR,(NH,),; PlR,(NH,),i rtR,[NH,),. 
[fi) Platinamincs (platinic scries) ; 

PlR,(NII,); PlR,(NH,l,: PlR,(NfI,l,! PlR,(NH,l,. 
(R = OH, CI, Br, I, N0„ etc). 

Diplatosamine derivatives, e. g., (NH,),Pl,R„ arc also known. They 
_!vidently contain radicals or ions, consisting of platinum, the group NH,, 
and halogens (also NO,, etc.). They result from the action of ammonia 
upon platinous chloride. When the acid residues are replaced by 
hydroxyl groups platinum lascs are formed, e. g., Pi(NH^),(OH \, wliich 
^jescmblc alkaline hydroxides in their chemical pro[)cnies. The other 
platinum metals form similar amine derivatives. The nature and chemical 
institution of these interesting compounds is, however, not fully ex- 
uatned. 



SPECTRUM ANALYSIS.' 

We observed that many sulntances, when introduced into a non-lumj- 
is flame, imparted to it a characteristic coloration. Thus, the sodium 

distinct prFwntntion at (he •{>«: irum phcnim 
tefouTKliii Hermnn W. Vi^el's " Pmklischc SpckltaUnalyw itilWhcr Stoffc," I 
" Lchrbuch dpi Spcktnlanalyac," by H. Kayset, 18H3. 
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compounds color it yellow; the potassium, violet; thallium, green, etc. 
The decomposition of the lightthusobtained, and, indeed, of every light, 
by means of a prism, and ihe study of the resulting spectrum, form the 
basis of spectrum analysis, established in 1859 by Kirchhoff and Bunsen. 
Every substance, solid or liquid, heated to white heat («. g., molten 
platinum; lime heated in the oxyhydrogen flame; the ordinary Same 
containing glowing particles of carbon) emits rays of every refrangi- 
bilityj and hence furnishes a continuous spectrum, which brings to view 
all the colors of the rainbow, from red to violet, if the light be conducted 
through a prism. Glowing gases and vajiors, on the contrary, whose 
molecules can execute unobstructed oscillations, emit light of definite 
refrangibilily, and, therefore, give spectra, consisting of single, bright 
lines. Thus, the spectrum of the yellow sodium flame is recognized ai 




composed of one very bright yellow line, which by increased magnifying 
power is shown to consist of two lines lying very near each other. The 
violet potassium light gives a s[)ectrum, consisting of a red and a blue 
line. The crimson strontium light shows in the spectrum several dis- 
tinct red lines and a blue line, (See the Spectrum Plate.) Each of these 
lines corres]ionds to rays of definite wave-length, which are differently 
refracted from all the others; hence the lines ap[war in the same spec- 
tnim at the same point, when rays of their wave-length fall on the slit. 

If substances affording different colors be introduced into a flame, the 
most intense color generally olscures the others ; in the spectrum, how- 
ever, each individual substance shows iis peculiar bright lines, which 
appear simultaneously or succeed each other, according to the volatility 
of the various sulwtances. 
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e spectrum apparatus or spec Irosc ope, shown in Ft^. 69, aencs fui 

e observation of the s[jcctra. 

In the middle of the apparatus is a flint-glass prism P. At the further 
end of the tube ,4 is a movable vertical slit, in front of which is placed 
Ihe light to be investigated. The entering light rays are direcled by a 
collecting lens into ihe tube A, upon the prism, and the refracted rays 
(the spectrum) are observed by the telescope B. The tube C is employed 
to ascertain the relative position of the spectrum lines. This is provided 
at the outer end of the tube S with a transparent horiiconial scale. When 
a luminous flame is placed before the scale its divisions are reflected from 
the prism surface and thrown into the telescope B. We then see the 
spectrum to be studied and the scale divisions in B at the same time, and 
can readily determine the relative position of the lines of the spectrum. 
To study two spectra at the same time, and compare them, a three-sided, 
right-angled glass prism is attached in front of one-half (the lower or 
upper) of the slit of the tube A ; this directs the rays of 3 light placed 
at the side (/, Fig, 69) through A upon the prism /*. By means of B. 
two horizontal spectra will be observed, one above the other, and be- 
tween are the bright divisions of the scale. 

Aiijuilmtnt of Ihi Sfalrouufe. ~Tu oljtetTC the spectre in tlic upp^rstui dcKiibed, it 

lecetiuy fim to adjust ilic same corrccilj. The lube A (objeciivc or collimalor lube) 

llaiDS, b«sidci the ilil, aim ■ lens (colliiiuuor leni), wliich serves 10 lender panllel thr 

oT ny> proceeding from (he silt ; hence, the laller must tfc occumely placed m 

. usofthe leni. This U best accompliihed as follon) : The lelesoHw [^| is diawn 

_, and adjusted for some distant object, that it may be adnfjled for (he reception of 

panllel rajs; ohjerve the slit illumiimted by Ihe todiam chlori<1e dame, and change its 

position with rderence to the collimator tens until Jli image appean sharply defined in 

the telescope B. The scale in lube S it limiUrly adjusted. To have the spectrum lines 

■haiply defined, Ibe slit must be mjule quite narrow ; for feebly luminous lines il must, 

■ ireTer, be widened. 

The delirminafion tf the ptailiim of Ikr linn o/ the strctra is nsuoJIy effected by 
of a scale. Since the refiaction and dispernon of Ihe rays and Iheiefore the el- 
n of the speclmm and the length- relations of its variously colored parts ate iiiRu 

by Ihe angle and the quality of ihe glass of the jHisiii, Ihe scale indications of 

diHeient fonns of appiiratus aie not directly cijm|«rable. To attain (his it is ordinarily 
soSicient to indicate how Ihe most important Fraunhofcr lines (see lielow) are diviilril 
upon Ihe scale. 

The spectra represented on the plate are then produced by the fre- 
quently mentioned colors shown by compounds of the alkali and alkaline 
earth metals when heated in the non-luminous Hume of the Bunsen burner. 

The other metals, however, require a much higher tcn)|>erature than 
thai of the gas llame for their conversion into gases. To vaporixc them 
and observe their spectra, the electric sjiark is made to |ass from elec- 
trodes constructed of them. A very convenient and universally appli- 
cable procedure consists in passing the sparks between the surface of the 
solution of the salt, into which the negative pole di|«, and a platinum 
wire (positive pole) placed liefore the slit of the spectroscope [R. Bun- 
sen, Pogg. Ann. (1873) 155, J30, 336; Z. f. anal. Ch. (1876) 15, 68. 
and M. Lecoq de Boisbatidran, Spectres lumineux, Paris, 1874]. Many 
(if the metal spectra, obtained in this way, are remarkably rich in lines. 
Thus, over 450 lines have been established for iron. 
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The s[>ectra of the gases may be obtained by means of the Geissler 
tubes. The latter contain the gas in a rarefied condition and they give 
their own peculiar colors on passing induction sparks through them. 
Hydrogen gives a red light ; its spectrum consists of a bright red, a blue, 
and a green line. Nitrogen gives a violet light and affords a spectrum 
of many lines and bands. 

These methods give us a means for readily distinguishing the individual 
chemical elements, and even detecting them in traces. Since the year 
i860 various new elements, e.g., caesium, rubidium, thallium, indium, 
scandium, gallium, germanium, and several others, not accurately studied, 
have been discovered by their aid. Argon, helium and the other sub- 
stances discovered recently in the air are especially distinguished by their 
spectra. 

In addition to the bright emission spectra just described there arc yet 
dark absorption spectra. If a white light giving an uninterrupted spec- 
trum be allowed to pass through different transparent bodies, the latter 
will absorb rays of definite refrangibility, allowing all others to pass. 
Therefore we observe the sun spectrum interrupted by dark lines or bands 
in the spectroscope. The solutions of didymium and erbium absorb cer- 
tain rays, and show corresponding dark lines in the spectrum. The 
gases deport themselves similarly. White light that has traversed a broad 
layer of air shows several dark lines in the spectrum; the air absorbed 
the correspondi ng rays. This power of absorption is possessed to a much 
higher degree by all incandescent gases or vapors. If a white light, like 
the Drummond calcium light, be conducted through the yellow sodium 
flame (through glowing sodium vapors), a dark line will appear in the 
spectrum of the white light, and its position will correspond exactly to 
that of the yellow sodium line ; the latter thus appears converted into a 
dark line. Such spectra are designated the inverted spectra of the corre- 
sponding metals. The inverted spectra of all elements may be obtained 
in this way, and they correspond accurately to the direct bright sjjectra. 
The cause of these phenomena lies in the proposition deduced by Kirch- 
hoff from the undulatory theory of light, that the ratio between the emis- 
sive and absorptive power is the same for almost all bodies at like tempera- 
tures. According to this incandescent gases only absorb rays of just the 
same refrangibility as those which they emit. For example, when bright 
white light is passed through the yellow sodium flame the yellow rays of 
the former are absorbed and retained, while all others pass on almost 
entirely unaltered. Therefore, in the rainbow spectrum of white light 
the yellow rays of definite refrangibility will be absent ; and if the other 
refracted rays of the white light are brighter than the yellow rays emitted 
from the sodium flame, the latter will be relatively darker; a dark line 
will therefore make its appearance. 

These phenomena have presented a new and wide province to spectral 
analysis, inasmuch as they open up avenues for the investigation of the 
chemical nature of the sun and other bodies. 

It is known that the bright rainbow sun spectrum is intersected by a 
number of dark lines which have been called the Fraunhofer lines from 
their discoverer. Kirchhoff" has shown that these lines can be easily ac- 
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Keounled for, after what has already been said, by Ihe following hypothcsisj 
ropon the nature of the sun ; The latter consists of a solid or liquid lumi-' 
nous nucleus, surrounded by an atmosphere of incandescent gases and 
vapors. Then the uniniernipted S|)eclrura of the glowing nucleus must 
be intersected by the daik linisof the inverted spectra of those gases and 
vapors which occur in the sun's atmosphere. An accurate comparison of 
the Fraunhofer lines with the spectrum lines of the various elements has 
revealed the fact thai iron, sodium, magnesium, calcium, chromium, 
nickel, barium, copper, zinc, and hydrogen are present in the sim's 
atmosphere. Thus dark lines have been found in the sun's spectrum 
corresponding to all of the 450 lines of the iron spectrum. According 
to Rowland 34 of the elements known to us are present in the sun ; ij 
are absent, and much doubt prevails as to the presence of the remainder. 
Helium, first discovered in the earth in 1895, was known to exist in lh« 
sun's photosphere since 1868. The inferences upon the chemical consti- 
tution of the sun possess as much and, indeed, a higher degree of prolMi- 
bility than falls to many other deduciions. 

All the fixed stars thus far investigaled possess a constitution like that 

of the sun. They give sjiectra intersected by d.irk lines, and therefore 

consist of incandescent nuclei surrounded by gaseous atmospheres. The 

spectra of nebulae, however, only show bright lines ; hence these consist 

Lof iincondensed, incandescent masses of vapor. 
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cowpoimd.. 366, J67 


compounds. 360 ^^H 




Thallium, 359 ^H 
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OKide. 307 


Thio&utpburic acid, 197 ^^H 
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Thulium, 27, ^^^^^^^H 
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Tin. 363 ^^^^^H 
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Sulphimide. 19S 
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Tin disulphide, 367 

monoxide, 365 

oxysulphide, 367 

salt, 364 

stone, 363 

tetrachloride, 366 
Titanium, 238, 239 
Trithionic acid, 199 
Tombac, 336 
Tungsten, 384 

compounds, 384 
Turpeth mineral, 327 
Tumbull'sblue, 403 
Type metal, 368 

U. 

Uchatius steel, 397 
Ultramarine, 354 
Uranium, 384 
Uranic compounds, 385 
Uranous compounds, 385 
Uranyl, 385 

V. 

Valence, 165, 166, 167, 169 

periodicity of, 248 

variable, 170 
Vanadium, 226 
Varec, 54 
Vitriol, copper, 334 

green, 398 

oil of (see Sulphuric acid) 
Volume, atomic, 252 

specific, 252 

W. 
Water, 88 

chemical properties of, 91 
crystallization, 266 
constitution, 315 
dissociation of, 93 
distilled, 91 



Water, electrolysis of, 92 

gas, 232 

glass, 295 

bard, 91 

minend, 91 

molecular formula of, 97 

natural, 91 

oxidation of, loo 

physical properties of, 88 

qtiantitative composition of, 95 

soft, 91 

thermo-chemical deportment of, 92 
Weight proportions in the union of the eh 

ments, 69 
Welsbach mantle, 240 
White precipitate, 335 

lead, 371 
Wood's metal, 373 
Wulfenite, 367 



Xenon, 116 
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Yellow prussiate of potash, 402 
Ytterbium, 356 
Yttrium, 355 



Zinc, 318 

blende, 319 
chloride, 319 
dust, 318 
oxide, 318 
silicate, 319 
sulphate, 319 
sulphide, 319 
white, 318 

Zircon, 239 

Zirconium, 238, 239 
light, 83 
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BRAIN AND INSANITY (see also 
Nervous Diseases). 

BLACKBURN. A Maaaal of AatopslM. DosicMd forthe Un 
of Hotpitak for the Intane and odMr raiUc lastitaaoM. T«b bH- 
psge PtaitM and otfa«r DlnBtimtkmi. ^^s 

CHASB. General Paresis. Illustrated. In Prttt. 

DBRCUM. Mental Therapeutics, Rest, etc Ntmrfy Rem^f, 

OORDINIBR. The Gross and Minute Anatomy of the Central 
Nervous System. With fttU-pace and ochcr Dhutratioiis. fbxo 

HOR8LBY. The Brain and Spinal Cord. The Stnictare and 
FuDCtioiis of. Numerous lUustrataons. ^b-Sb 

IRELAND. The Mental Affections of Children, ad Ed. I4.00 

LEWIS (SEVAN). Mental Diseases. A Text-Book Haviiv 

Special Reference to the Pathological Aspects of Insaaity. a6 Litho> 

graphic Plates and other lUustraoons. ad Ed. #7>oo 

MANN. Manual of Psychological Modlcina. ^3^ 

PERSHING. Diagnosis of Nervous and Mental Disease. 

Illustrated. |('S5 

REGIS. Mental Medidna. Autheriaed TiaasbtioB by H. M. 
BAmasTsa, ujd. la^eo 

SHUTTLEWORTH. MentaUy Deftciant ChUdraa. ^.sd 

STEARNS. Mental Diseaaea. With a Difcst of Laws Rclatii« 
to Care of Insane. Illustrated. C]otn,|i.f5: Sheep , $y9% 

TUKB. Dictionary of Psvchologlcal MadldBa. Girfa« the 
Definition, Etymology, and Symptoms of the Terms osed in Medical 
Psychology, with the Symptoms, Padiolocy, and Treatment of the 
Recognised Porms of Mental Duordeis. Two vohuaes. #iei.oe 

WOOD, H. C Brain and Overwork. 40 

CHEMISTRY AND TECHNOLOGY. 

^^eeial Catmltgus 0/ Oumicml Bpokt tnU frM aj^M t^fUemiim. 

ALLEN. Commercial Organic Analysis. A Treatise oa the 

Modes of Assaying the Various Organic Chemicals and P i o d uct s 

Employed in the Arts, Manufactures, Medicine, etc., with concise 

methods for the Detection of Impurities, Adulterations, etc 8vo. 

Vol. 1. Alcohols, Neutral Alcoholic Derivatives, etc. Ethers, Veg- 
etable Acids, Starch, Sugars, etc 3d Edition. |4-So 

Vol. U, Part I. Fixed OiU and Fats, Glycerol, Explosives, etc. 
3d Edition. #3 50 

Vol. II, Part II. Hydrocarbons, Mineral Oils, Lubricants, Benxencs, 
Naphthalenes and Derivatives, Creosote. Phenols, etc 3d Ed. ^3.30 

Vol. II. Part III. Terpenes, Essential OUs, Resins, Camphors, etc. 
3d Edition. FrHmHng, 

Vol. Ill, Part I. Tannins, Dyes and Coloring Matters. 3d Edition. 
Enlarged and Rewritten. Illustrated. $4.50 

Vol. Ill, Part II. The Amines, Hydrazines and Derivatives, 
Pyridine Bases. The Antipyretics, etc. VegeUble Alkaloids, Tea, 
Coffee, Cocoa, etc 8vo. ed Edition. 14.50 

Vol. Ill, Part III. VegeUble Alkaloids, Non-Basic VegetaUe ^tter 
Principles. Animal Bases, Aninud Acids, Cyanogen Compounds, 
etc. ad Edition, 8vo. ^•so 

Vol. IV. The Proteids and Albuminous Principles, td Ed. ^.50 

BAILEY AND CADY. Chemical Analyaia. Jutt Rtady. I135 
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ffT, '""O"'' 



CAMKKON. OlUaad V 
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Vol. IV. Electric Llghlli^. Phot 
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ROCK WOOD. Chemical Analysis for Students of Medicine, 
Dentistry, and Pharmacy. Illustrated. Jutt Ready. |t-5o 

SMITH. Blectro^hemical Analysis, ad £d. t8 Illns. #1.15 

SMITH AND KBLLBR. Experiments. Ansnfed for Stttdento 
In GenenJ Chemistry. 4th Edinon. Illastnted .6e 

BUTTON. Volumetric Aaalyais. A STStenutic Hsndbook for 
die QusntitatiTe Estimatioa 01 Chemical Snbstaaoes hy Measure, 
Appfiedto Liquids, Solids, and Gases. 8th Edition, Revised, tia 
Ilhistrations. IS'OO 

8YMOND8. Manual of Chemistry, ad Edition. ^.co 

TRAUBE. Physico-Chemical Methods. Translated by Hardin. 
97 lUustradons. #x*5o 

THRESH. Water and Water Supplies. 3d Edition. |ajoo 

ULZER AND PRABNKEL. Chemical Technical Analysis. 
Translated by Fleck. Illustrated. fi.as 

WOODY. Essentials of Chemistry and Urinalysis. 4ih 
Edition. Illustrated. I1.50 

*•* ^9€iml CaimUgu* nf B—kt #» Oumuirj /rte a^M mpfticmiwu. 



CHILDREN. 

CAUTLEV. Peedina of Infonts and Young Children hy Nat- 
ui«l and Artificial Methods. ^-oo 

HALE. On the Manai^ement of Children. .sb 

HATPIBLD. Compend of Diseases of Children. With a 
Colored Plate, ad Edition. .80 ; Inteileaved. |i.oo 

IRELAND. The Mental Affections of Children. Idiocy, 
Imbecility, Insanity, etc. ad Edition. ^-oo 

POWER. Surgical Diseases of Children and thair Treat- 
ment by Modern Methods. Ilkistrated. ^^S^ 

SHUTTLEWORTH. Mentally Deficient Children. New 
Edition. ^-50 

STARR. The Digestive Orfans in Childhood. The Diseases of 

the Digestive Oivans in Infancy and Childhood. 3d Edition, Rewnt- 
ten and Enlarged. Illustrated, fntt Remdf, #3 co 

STARR. Hygiene of the Nursery. Including die General Regi- 
men and Feeduu^ of Infiunts and Children, and the Domestic Manage- 
ment of the Ordinary Emergencies of Eajiy Life, Massage, etc. 6th 
Edition, as Illustrations. ^.00 

SMITH. Wasting Diseases of Children. 6th Edition. ^00 

TAYLOR AND WELLS. The Diseases of ChUdrea. ed Edi- 
tion, Revised and Enlarged. Illustrated. 8vo. ^.50 

DIAGNOSIS. 

BROWN. Medical Diagnosis. A Manual of CUnical Methods. 
4th Edition, iia lUustmtions. Cloth, ^.as 

DA COSTA. Clinical Hematology. A Practical Guide to Exam- 
ination of Blood. 6 Colored Plates. 48 other Illustrations. Just 
Ready. Cloth, Is-co; Sheep, |6 00 

EMERY. Bacteriological Diagnosis. Jmst Ready. $1.50 

MEMMINGER. DUgnosis by the Urine, ad Ed. a4llhis. ^.00 
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PERSHING. Diagnosis of Nenrous and Mentel DIssascs. 
Illustrated. #i'S5 

STEBLI#. Physical Signs of Pulmonary Disease. |i.9S 

TYSON. Hand-Book of Physical Dianoais. Por Stadeats sad 
Physicisiis. By the ProlieMor of Clinical Medicine in the UaiTenitr 
of PennsylTuus. lUus. Ath Bd., Improved and Knlaifed. Witn 
Two Colored and $$ other lUustiations. #1*50 



DENTISTRY. 

^^tcimi CmimUgm tf DtnSml B^okt tmU/rte t^^m t^fHemHfm, 

BARRETT. Dental Snrgerjr for Qaaeral Practltloaara and 
Students of Medicine and Dentiatry. Extraction of Teeth, 
etc. 3d Edition. Illustrated. |i.oe 

BROOMELL. Anatomy and Histology of the Human Month 
and Teeth. 984 Handsome Illustrations. ^So 

FILLEBROWN. A Text-Book of OpefatlTe Dentistry. 
Written by famtation of the Natiooal Associatioa of Dental Facul- 
ties. Illustrated. ^.es 

OORQA8. Dental Medicine. A Manual of Materia Medica and 
Therapeutics. 7th Edition. JuH Rnufy, Cloth, I4.00; Sheep, |s*oo 

GORQAS. Ouestions and Answers for the Dental Student. 
Embracing all the subjects in the Curriculum of the Dental Student. 
Octavo. Just Rtady. I6.00 

HARRIS. Princlplea and Practice of Dentistry. Including 
Anatomy, Physiology, Pathology, TherapenticB, D«ital Surgery, 
and Mechanism. 13th Edition. Revised by P. 1. S. Goaoas, m.d., 
O.D.S. laso Illustrations. Cloth, |6jdo; Leather, I7.00 

HARRIS. Dictionary of Dentistrv. Inchiding Definitions of Such 
Words and Phrases of the Collateral Sciences as Pertdn to the Art and 
Practice of Dentistry. 6th Edition. Revised and Eaburged by Fxa- 
DIN AND F. S. GoBGAS, MJ>., D.D.s. Cloth, ^5.00 ; Leather, f&oo 

HEATH. Iqjuries and Diseases of the Jaws. 4th Edition. xVi 
Illustrations. ^So 

RICHARDSON. Mechanical Dentistry, vth Edition. Thor- 
oughly Revised and Enlarged by Da. Gso. W. Waaani. 691 Illus- 
trations. Qoth, I5.00; Leather, |6.oo 

SMITH. Dental Metallurgy. IDustrated. |i.7s 

TAFT. Index of Dental Periodical Literature. |i.oo 

TOMES. Dental Anatomy. Human and Comparative. 963 Illus- 
trations. 5th Edition. ^.00 

TOMES. Dental Surgery. 4th Edition. 989 Illustrations. I4.00 

WARREN. Compend of Dental Pathology and Dental Medi- 
cine. With a Chapter on Emergencies. 3d Eidition. Illustrated. 

.80; Interleaved, ||i.9S 

WARREN. Dental Prosthesis and Metallurgy. 199 Ills. #1.95 
WHITE. The Mouth and Teeth. Illustrated. .40 
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PAKKBS. HrclCD* and Public Halth. By Uub C. Puka. 

H.D. «th edilim. Enlaigtd. IQiuInud. f j.oa 

PARKB8. Papular Hydin a. Tha ElcnaDli of Haalth. A Book 

En Lay Reulen. Illuitnud. (■.•] 

STARX. Tbi 



rba Hyataii 

and VetAlin 



a of ^rly Life, Mu»(*, 



STEVENSON AND UURI 



Authan. Ib inina Ocun V 



Vol 1,(6.00: Vol.ll.|*.oo 
stujldiepintEly. Speoil Qiculli 1 



THRESH. Wati 



d Waiei Suppllea. jd E<li»< 



WILSON. Hand-Baak of Myglei 

Wiih lUiatniioQi. SIh EdiuoD. 
WBYL. Sanitary RtlalloDl of Ifat 



aad SanilaiT Selao 



LUNGS AND PLEUR.A. 

KNOPF. Pulmoiiary Tubcrculoila. In Msdcra Pnpbylaali 
aDdTrnlinciiltnSpKiilliiMlniitaiuandilHoaie. Illui. jij.oit 
BTBBLL. Pbyalcat Slfna^tPutraDDirr Oiasaaa. lUu*. Ii.aj 



12 SUBJECT OLTALOOUB. 

MASSAGE— PHYSICAL EXERCISE. 

08TR0M. MasMflre and the Orifiaal Swedish Move- 
ments. Their Applicatioii to Variou Dfaeeifw of the Body. A 
Blaniud for Stadents, Nunee, and Ph^rsiciaiis. Potuth KdMoa, Bs- 
Urged. 105 lUustratiODS, nieny of whidi ere origfaiel. fijao 

MITCHELL AND QULICK. Mechsnotherspy. Ittus. ImJhrtu, 
TREVES. Physicsl Edacstion. Methods, etc .7s 

WARD. Notee on Mssssge. InterieeTed. PeperooTer,^.oe 



MATERIA MEDICA AND THERA. 

PEUTICS. 

BIDDLE. Mstsris Medics snd Therspentics. InHndlng Does 
Lbt, Dietary for the Sick. Table of Paruites, and Meaorsada ol 
New Remediet. X3th Edition, Revised. 64 Hhistnitioas and a 
Clinical Index. doth, I4.00; Sheep, $smo 

BRACKEN. Outlines of Materia Medica and Phansacolocy. $b.js 

COBLENTZ. The Newer Remedies. I n d n d i ns dieir Sys o sym s, 
Sources. Methods of Preparation, Tests, Sohibihties, Doses, etc 
3d Edition, Enlarged and Reyised. $ijoo 



COHEN. Phyeioloi^ic Therapeutics. Mechanotherapy, Mental 




S/ecua Dttcriptiot drcmUr will ht stni uf^m a/flkmii^m, 

DAVIS. Msteris Medics snd Prescription Writing. $t.y> 

QORQA8. Dsntel Medicine. A Manual of Materia Medica and 

Therapeutics. 7th Edition, Rerised. /uti Rnufy, $4joo 

GROFF. Materia Medica for Nurses, with questions for Self-Exam- 
ination and a complete Glossary. #i.es 

HELLER. Eaeentisls of Mstsris Medics, Phsrmscy, snd 
Prescription VITriting. ^^so 

MAYS. Theine in the Trestmsnt of Nsurslgis. % bound, .50 

POTTER. Hsnd-Book of Msteris Medics, Phsrmscy, and 
Therspeutice. inducUng the Action of Medicines, Special Therapeu- 
tics, Pnarmacology, etc., including over 600 Prescriptions and For^ 
mulae. 8th Edition, Revised and Enlarged. With Thumb Index in 
each copy. aoth,|5.oo; Sheep, |6.oo 

POTTER. Compend of Materia Medica, Therapeutics, snd 
Prescription Writing, with Special Reference to the Physiologi- 
cal Action of Drugs. 6th Edition. .80; Interleaved, ^x.00 

MURRAY. Rough Notes on Remedies. 4th Edition. Iz.95 
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UBDICAL BOOKS. 11 

SAYRE. Orfudc Hatorla Hcdlc* aad PlianBacocDOir. Ad 

Immductioa M the Study nl Ihc VtietiMe Kintdon ud Ibt Tai» 
Mhlc uul Aniail Dnig>. Compriainc ihe Bounlai ud PbytK>l 
Ouncmlilici, Scmrcc, CouiituEnu. and Phunicgpfiil Piipin- 
iLou. InHB tslnriDui u> Drun, and Phanuol Bauny. With 






TAVERA. Madlcii 



il the Philippinei. /. 



■ Mcidlca. Pharmacy, Phar- 

l' Iff." Wilcox,'' ii!*T".t>-*! l™!, Ptofeiiw' o("cUi.ioiil 

Medicine iiid Thenpculio •■ the N«« YoA Poti-Gndiuu UtiicM 
Sckoel. Clatli, fjAi; Lcaiher. f |.}a 

ipkuous on every pact, and i( U evidenl ihit no receal dnj( pOHCU- 
iag aiiy merii hu HCaped b^ cvfl. We beUere, on ihe whole, thL> u 
Ihe bat book on Malerii Media aod Thenpeulici w pl«« in tba 

work rardaHy uu!"— Tib Ontlaiul MtJiciti Gmultt. " 



MEDICAL JURISPRUDENCE AND 
TOXICOLOGY. 

RSS8B. Madlcal larlapradeacc aad ToilGolofy. AT*xl-Book 
lot Medior and t«al Pnctiiionen and Siudenu, 5ih Kdilioa. 
RniHd by Ucini LanuAin, h.d. Clo.,f3.ai>; ht»lbti,t3.yt 
** To the iludeal of mcd^l jurtepmdenct and lotlcology it li la- 

Tahiablt. » il iltonclie. dear, and IbarouEb In ererr mpeCL"— 71i< 

AmuncmiJtMrmU t/lii Miikti Scinuti. 

UANN. Fsriaaic Uadiciog and Toiieoloiy. lUui. f6.]o 

TANNSR. HemeraBdtDfPoiiona. Thtli Aniidotu and Ttiu. 
Ilh Edition, by Db. Hurnr Lmpfhanh. ,n 



MICROSCOPY. 



CARPBNTBR. Thi Hlcr< 
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I Iti RavalaHoai. 



14 SUBJECT CATALOOUX. 

MISCELLANEOUS. 

BERRY. Diteaset of Thyroid Qland. lUustrmted. I4.00 

BURNBTT. Foods and DietmrlM. A lUanal of Clinical Dici. 
«tict. adSditioii. Is.50 

BUXTON. Aaeathetica. XUustratMl. adKdidoa. ^.50 

COHEN. OiYanoCherapy. In Prtt9, 

DAVIS. Dietotherapy. Pood ia Health and Diaeaae. With 
Tables of Dietaries, Relative Value of Foods, etc. {JSm6*er^ii»n.\ 
Jutt Re€ufy. Is. 50 

GOULD. Bordarland Stadiaa. MIsoelhuMoas AddrtMw and 
Essays, ismo. t^-'oo 

QRBBNB. Madical Examinatloa for Life Inanranca. IDos- 
trated. With Colored and other Engravings. #4^00 

HAIQ. Causatioa of Diteaaa by Uric Acid. The Pathology of 
High Aiteriai Tenston, Headache, Epilepey, Goat, Rhemnartw, 
Diabetes, Bright's Disease, etc. suKditioa. I3.00 

HAIQ. Diet and Food. Considered in Relation to Strength and 
Power of Endurance. 3d Edition. |i.oo 

HENRY. A Practical Treatise on Aaemia. HaM Cloth, .30 

LEFFMANN. Food Analyait. lUustrated. |s.5o 

NEW SYDENHAM SOCIETY'S PUBLICATIONS. Orealan 
upon appUcatioo. Per Aaaam^ $Li» 

OSQOQD. The VITinter aad Ita Dangera. .40 

PACKARD. Sea Air and Sea Bathinc. .40 

RICHARDSON. Long Life and How to Reach It. .40 

ST. CLAIR. Medical Latin. |i.oo 

TISSIBR. Pneumatotherapy. {Suiseri^iom,) Im Fr^sa. 

TURNBULL. Artificial Aneatheaia. ^th Edition. lUns. ^a.so 

WEBER AND HINSDALE. CUmatology and Health 
Reaorta. Including Mineral Springs, a Vols. Illus rated with 
Maps. Just Ready. {Su6scH/ium.) $y-co 

WILSON. The Summer and It« Diseaaea. .40 

WINTBRNITZ. Hydrotherapy, Thermotherapy, Mineral 
Waters, Baths, etc. Illustrated. {Su^tcri^titm.) Nearly Ready. 

NERVOUS DISEASES. 

DERCUM. Reat, Hypnotiam, Mental Therapeutics. InPrese. 

GORDINIER. The Oroas and Minute Anatomy of the Cen- 
tral Nervous Syatem. With 271 original Colored and other 
Illustrations. Cloth, |6.oo; Sheep, ^7.00 

GOWERS. Mannal of Diseases of the Nervous System. A 
Complete Text-Book. Revised, Enlarged, and in many parts Re- 
written. With many new Illustrations. Two volumes. 
Vol. I. Diseases of the Nerves and Spinal Cord. 3d Edition, En- 
larged. ClotlK %^J0o ; Sheep, $5.00 
Vol. II. Diseases of the Brain and Cranial Nerves ; General and 
Functional Disease, ad Edition. Cloth, I4.00 ; Sheep, $5.00 

QOWERS. Syphilis and the Nervous System, |i.oq 



If UHCAL BOORS. 1 


1 


.d Edition- l».1S^dj. |}.nn 
HORSLBV. Tb. BralD and Spinal Cord. Tb. Stnictn^ and 

ruDclloni o<. Niuneraua tnuilratloni. fl.jo 
ORMKROD. Dii.B*ei ol lh> Nervona Syatem. M Wood In. 

(lannd- li.on 
PERSHING. Olaeaoali of Ncrvoua and Menial Dia.aaca 
PRESTON. Kyat.(la and C.rtaiD Allied CDadiliooa. The. 
WOOD. Brala Work •ndOv.rwo.lt. .,n 

NURSING (see also Massage). 

Sfiiat Calnlifiu of BtoJU/or Kmwjiiirml fru <^<m a^liiiHum. 
CANflELD. Hvriasaotthe Sick-Roam. A Book lor Nuiu and 

Subitcu for ih« ITic of Nuns and Other 1 meUifent Woman, f ■ .a; 
CUFF. Lecturea to Norae. OB Medicine. Thiid Sdilioo. fi.ti 
DOMVILLB. Maoaal far Nnram and Othera EaEH(ad In At 

tendlDC Ifae Sick. ^Ih Edition. Wiib Reclpa for StcH-cDom Cook 

FULLSRTON. Obatetrlc Nnratni. t' Ills- ]th Ed. fiAi 
FULLERTON. Burdcal Nuralii«. ,d Ed. 69 Ills. (>.go 

knoaledge ol drug! and iheir iiiea.-— 7I> Midlcat Kmrd, tfn 

CompleieManLmI, Including Sict-Roontookery. Jtul Riadf. |i.>s 
HUMPHREY. A Manual for Nnraaa. Inchidini GcnRa 

all prevtoui ouDuatL It ii, Id point of bet. a concU. Inaiiae oo 
Btedlcine and lurietT for the benoner. Incotooratlne vrllh th. teat tht 

la Ectaily enhanced by copioiu wood .cuu and dlainms of (be bonti 
aod intemal otfUAr—Brauk Midkal /nnu/.To^^. 

acemeni a( the Ordinary Emerienclei of Early Life. Maaaace, eic. Mb 
^(ion. a; lllualraliam. flan 

TEMPERATURE AND CLINICAL CHARTS. Sh |hi|i 6. 

VOaWIHKEL. SarKlcal Nu«ln(. Second Edition, Eolantd 


J 



It SUBJSCT CATALOOUB. 

OBSTETRICS. 

CAZKAVX AND TARNIBR. Midwitej. Witk AppmMxhf 
MuwD*. TbeXbMiyaiMlPractioeof ObMaCrkft^lBckidiaKClMDii- 
ol Pragiuuicy and PaztoritiOB, Obstetrical OpcrafioM, 



Sth Edition. Dhistrmted by Colored aod other fulHMf* Plato* aad 
numerous Wood Engraringt. Cloth, l4«5o ; full Xrafher, Is^pe 

EDQAR. Text-Book of Obstetrics. Illustrated. Frtpmrimg. 

PULLERTON. Obstetric Nursing, i^ Ed. IflustiBted. ^joo 

LANDIS. Compend of Obstetrics. 7th Edition. Reirised bj Wm. 
H. Wblls, Demonstrator ot Clinical Obstetrics, jeffBraon Medical 
College. 5a IIlustrati<ms. .80 ; IntcriesTsd, $swoo 

WINCKBL. Text-Book of Obstetrics, Inelnding ths Psthol- 
ogy sad Thsrspentics of the Pocrp^ni Stnts. Andioriaed 
Tranibtion by J. Cuftom Eogab, m.o. Ulnstrated. iS^^o 

PATHOLOGY. 

BARLOW. Genersl Psthology. 79s pages. Sirs. |5joo 

BLACK. Ificro-Orgsnisms. The Formation of Poisons. .ys 

BLACKBURN. Autopsies. AMannalof AnionsiesDesigBedfsr 
the Use ot Hospitals for the Insane and other Public fnstitini ona. 
Ten full-page Plates and other Illustrations. ^•'S 

CONN. Agricultursl Bacteriology. lUus. Jutt Rtmdf. $a^ 

COPLIN. If snusl of Pathology. Including Bacteriology, Techsic 
of Fost-Mortems, Methods of Pathologic Research, etc 330 lUns- 
tradons, 7 Colored Plates. 3d Edition. l3<5o 

DA COSTA. Clinical Hematology. Six Colored Plates and 4* 
Illustrations, fust Ready » Cloth, I5.00: Sheep. f6.oo 

Elf ERY. Bacteriological Diagnosis, s Colored Plates and 39 
other Illustrations. Just Ready. #r-50 

HEWLETT. If anusl of Bscteriology. 7s Illustrmtions. Second 
Edition, Revised and Enlarged. . lu Fmt. 

ROBERTS. Gynecological Pathology. Illus. Just Reeufy |6.oo 

THAYER. Compend of General Pathology. Illustrated. 

Just Reeufy. .80 ; Interleaved, $1x0 
THAYER. Compend of Special Pathology. lUustnued. 

Nearly Ready. .80; Interleaved, ^ijoo 

VIRCHOW. Post-lf ortem Examinations. 3d Edition. .75 
WHIT ACRE. Laboratory Text-Book of Pathology.' With 

xax Illustrations. Sr>5o 

WILLIAMS. Bacteriology. A Manual for Students. 90 IDus- 

trations. sd Edition, Revised. |i-5o 

PHARMACY. 

S^cieU CmtaUgue of Books on Pharmacy sent fre§ u^on mppUcmHom. 

COBLENTZ. Manual of Pharmacy. A Complete Text-Book 
by the Professor in the New York College of Pharmacy, sd Edition, 
Revised and Enlarged. 437 Illus. Qoth, I3.50: Sheep. $4.50 

COBLENTZ. Volumetric Analysis. Illustrated. In Fress. 

BEASLEY. Book of 3x00 Prescriptions. CoUected from the 
Practice of the Most Eminent Physicians and Surgeons — English, 
French, and American. A Compendious History ot the Materia 
Medica, Lists of the Doses of all tne Oificinal and Established Pre- 
parations, an I»dex of Diseases and their Remedies. 7th Ed. |s.oo 



KEDlCiU. BOOKS. 



KKASUBY. DiufiltU' Oaacnl 



.Cop,nj 



Dull 



Inuy Foimularr, Rccipei in Pueni 
._■.... vT — . . peHumepf ai 



Bcver>«e4, Dleieiic Aniclei *od CoBJiment". T™d< ChcaiCAli, 
Sc»i>iiecPri>cais.»dqiuyUKhU Tabid, idb Ed. (t.cs 

BEASL.EY. Phmriii»MUtic»l Fonnnlary. A SynoptU ol Ib> 
Bntiih, Fiiinch. Gcnnjm. and UnJtEd Sulci PhsnsBcopiEiu. Com- 
prisiDE Standard and Apprond PonnulK for (he Pnpamlou «nd 
CompooAdt Eotployfld^ Medicine, irtb £di1ion. |t-oa 

PROCTOR. Praiticil Phanikcv. id Ediiion, viih ll1uiit»hoot 
and Klabonlt Tablei g) Cbimical iiolutiiiilKl. Mc. f J.nc 

ROBINSON. Latin Oi»mmiir of Ph>rBi«cr •oil Medlila*. 
jd Edilian. Wllh elabonle Voabular.e., «> )S 

SAVRB. OroDlc Maierla MedlCD and Pbamaeacac»v. An 
IntTwlucliDn to ihe Sfudy of the Vegetable Kiaitdam >Dd the Ve|». 
able and Animal Dnip. Coptpiuinc the Bolanical and Phyilcal 
Otaracteriiiiu, Soune. ConaUluEnu, and Phumacopclal Prepar- 
aUDm, iDiecu Iniuriou Is Dnin, ukI Punaol BounT. With 
Kcii^ cn> HiiiDlsn ud Mlcioieehnique. by W. C. STivim. 
3j, lltuilnlitmt. Second Edliian, aoth, U-y> 

odlaf. SecoDd BditinD, Re- 

h Edilian, Rtviied in Atcotd^ 
uca with the U. S. Pbi>rma<^oufri<>. i8o<>. Compleie Tahiti ol 
Metric and EtlKltlbWciihu and Measuiei. .Id; llllerloved, fi.os 
TAVBRA. Medicinal Hanta of the Phillppiaei. /•il Fiady. 



OSTATKSPHARMACOPCEIA. TthDeceDiiiilReviilon 

Cloth, fi,(o(pMipiid pfj); Sh«p.|..aofpo«p.id,»j.irh 'n'"- 
leanJ. 14,00 tpo.tpaid. *t.soi: Pnaled oa one iide of pa^e only. 
UDboaDd. t\.y> (pottiwid. Ij.gs]. 
8«lact TablH from Iba U. 8. P- BelDj Nine of Ihe Mul Impo*- 



PHYSIOLOGY. 

cal Phyaloleiy. An ElemenUrr Claaa Bool 
It Phyalolocr- ">(b Bditli 



lerleaTcd, fi.oo 

JONES. Outllnea or Phyaloloiy. 9S llluitiiljoni. fi.5> 

KIRXRS. Handbeok of Pbyalolofy. i/tb Authoi 

ReriMd, Re.n>n|ed.tnd EnUiied. Bv pBor. W t 

TOW, of Kinfi Conefe. Load 



Ul IlllHlII 



>. Ual-uaDa- 






SUBJSCT CATALOOUK. 



IAC0B80N. Op«nitiofts of 8«rf«iy. Ovor aoo I Burtiall o— . 

Cloth, I3.00; LaatlMr, $«joo 

KEHR. Qall-Stone Oisemse. Translated by William Wonnrm 
SaTMOua, M.D. l*<So 

UANE. Sorcery of the Head and Neck. 110 lUos. fsJoe 

If ACRBADY. A Treatise on Rnpturee. a4 F^U-Imm lidM- 
graphed Plates and Nameroas Wood upaTinci. Cfodi, ^6.00 

If AKINS. Surgical Expcrlencea in South Africa* 1899-1900. 
Illustrated. |(4woo 

IfAYLARD. Sorcery of the Alimentary Canal. 97 IDustratioas. 
ad Edition, Rerised. $^joo 

If OULLIN. Text-Book of Sorcerv. Wtdi Spedal Rftrirncs to 
Treatment. 3d American Edition. Kerised and edited hy JoHii B. 
Hamiltom, M.D., LL.D.. Profcssof of the Principles of Sotfery aad 
CUnical Surgery, Rush Medical CoUege, Chicago. 6s| lOnstratioas, 
many of which are orinted in colors. Oodk, f6.oo; Lead>er, ^7.00 

SMIlll. Abdominal Sorcery. Being a Systematic Descrfpcioa o< 
all the Principal Operations. ss4 Illus. 6th Ed. s Vols, do., tiojoo 

VOSWINKBL. Sorcical Noreing. Second Editioo, Rerised aad 
Enlarged, ixi Illustrations. $ijao 

WALSHAlf. Ifanoal of Practical Sorcery, yth Ed., Re- 
vised and Enlarged. 4^3 Engrarings. 930 pages. i3>50 

TEMPERATURE CHARTS, ETC. 

QRIFPITH. Qraphic Cliaical Chart for Recording Temper- 
atore. Respiration, Polee, Day of Dieeaae, Date, Age, aex, 
Occopation, Name, etc Printed in three colors. Sample copies 
firee. Put up in loose packages of Shv, .50. Price to Hospitalsi soo 
copies, $4joo : xooo copies, ^7.50^ With name of Hospital printed 
on. 50 cts. extra. 

KEEN'S CLINICAL CHARTS. Seven Outline Drawings of the 
Body, on which may be marked the Course of Disease, Fractures, 
Operations, etc. Each Drawing may be had sepaiatdly, tweaty-fiTe 
to pad. as cents. 

8CH REINER. Diet Liete. Arranged in the form of a chart. 
With Pamphlets of Specimen Dietaries. Pads of 50. .75 

THROAT AND NOSE (see alto Rar). 

COHEN. The Throat and Voice. Illustrated. .40 

HALL. Diseases of the Noae and Throat, ad Edition, Enlarged. 
Two Colored Plates and 80 Illustrations. ^-75 

HOLLOPETER. Hay Fever. lu Successful Treatment, ^i.oo 

KNIGHT. Diseases of the Throat. A Manual for Students. 
Illustrated. Nearly Retuiy. 

LAKE. Laryngeal Phthisis, or Consumption of the Throat. 
Colored Illustrations. ta.oo 

MACKENZIE. Pharmacopoeia of the London Hospital for 
Die. of the Throat. 5th Ed.. Revised by Dr. F. G. HAavar. %\.oo 

McBRIDE. Diseases of the Throat, Nose, aad Bar. With col- 
ored Illustrations from original drawings. 3d Edition. $7-oo 

POTTER. Speech and its Defects. Considered PhysiologicaUy, 
Patholoi^cally, and Remedially. ^1.00 

SHEILD. Nasal Obstructions. Illustrated. ^x.50 

URINE AND URINARY ORGANS. 

ACTON. The Functions and Disorders of the ReproductiTe 
Organs in Childhood, Youth, Adult Age, and Advanced Life, 
Considered in their Physiological, Social, and Moral Relations. 
8th Edition. Iz.75 



MIDtCAI. BOOKS. 11 

BKALB. Obi Huodrad Uria«t7 Dapeilt*. On eigbt ihHU, 
Ibrthc Hoiplul, LaboniorT. or SuigEry. Papn.fa.oD 

HOI.1.AND. The UHbc, lb« Qaitrie Cantinti, lbs CommDn 
PoiioBi. and [bs Ullk. Mcmonndi. ChcmiaJ and MIcroKOpl- 
ul. far l^boratorr Uh. IDuICnUdnDd IntcilcaTKl. 6tb Ed. fi.oa 
KLEEN. DlnbeleaaadOlycoauria. tajs 

MEHMINOBR. DlaEdoaUbr the Urine, id Ed. 14 tUu. fi.oa 
MORRIS. Renal Suigery. wilh Special KelefcnceiDSioDe la Ilia 



HOULLIN. BalarBBmiDt of U 

Radical Cun. id KdiilDn. lltuii 



H0UI.I.1N. iBBammatloaadhe Bladder aad Urinary Favar, 
Ocia«). Ii.jo 

SCOTT. The Utiae. tu aintcal and Micioscnpical EnmlnaliaD. 
41 Lrihognphic Plaiet nod oihe' Illuimiiou. guulo. Cloth, fs.oD 

TYSON. Ouide ta Eiamlaalloo or the Urine. Pot ihe Uh at 
Fhyiiclani and Sludenti. With Caland Plata and Numaioui lUiu- 
tralioot cnpaved on wood- 9th ftdilloa, Rarued. ti-i5 

VAK HUV8. Cbamleal Analjraia of Oriaa. » llliu. |i.on 



VENEREAL DISEASES. 



OOWBRS. SypblllaandlbaNervi 

-STUROlS AND CABOT. Slodcn 

Diaeaaea. ;th Reviied ind Enlarged 



VETERINARY. 

tcrtaary AbbUubj and Pkjtalelecr. f Graphic 
■uu-tj-uvM— .Bo: Imerleaved, ^.Kp 

WOMEN, DISEASES OP. 

BISHOP. Uterine Plbromyomata. Theit PathnloET. Dlacnuli. 

and Titatnient, llUulniFd. Uolb.^.Sa 

BVFORO <H. T.l. Haaual of Qynecolsiy. Secsod Edluon. 

Reviled ud EnUrfEd br iix>pa(e>. 341 IUu>liaIii>ni. (j.ao 

OOHRSSEN. a HsBDal of OyDecoloalcal Practice. loj 

lUuiUalion.. (l.y, 

PUt,LERTON. Sucflcal Nurainz. id EdillDn, Rnlinl ud 

EnUifed. 6« lUiumuoni. |,j» 

LEWBRS. Dlaeaaeaat WoBiaa. 146 Ului. jih Ed. f y> 

MONTQOMBRV. Practical QyaecoWy. A Conipleit Svi- 

lema tic Tut. Boob, jit lUultntlDiu. Cloth,|;.<»; Leallier. |6.oo 
ROBERTS. Oyoccolocical PatheloEy. With 117 FulLpaae 

Piute, conuiinln* ■;> Kigure.. /.li KtM^y. (too 

WELLS. Compaod of OyDHolocr- llliumted. ad Editioa. 
.•0; lntt[taa«d,fi4D 



COMPBMD8. 




BLAKISFOlfS ?QUIZ-€OMPENiyS? 



fcr tito Vm if Itaints. 

$1.00. 

MClM 




HUMAlf AMATOMT. 8izth Rcrhed aad 
ViMcnl Anaa». C» b« oaed 




O. L. POTTBy M.A., ProJMioi cT the 
-e of P fcj«kMu» aid SaieoM. Su 
U.S.V0L 



No. iL HUQHSS. PRACnCS OP MBDICINB. Pvt L Sixth 

■d Ivprovcd. Bt DAimn. K. Houns, m.o., 

rVaMBOBBB flflBIWTM, lUB UCBOBRniOr 01 

M cdkiK. IifciiifkiBcal ~ ~ 



No. 3. HUGHSS. PRACTICS OP MKDICINB. Pvt IL 
Sutk ErdtooB, Revised aad iBoroved. Saa« aathor as No. s. 
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